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NOTICi: BT THE FliBLISHERS. 



pablishera of Dr. Comstock'a Natural Philofophy will Dot 
Id from the public ao expression of the gratification they 
Americans, at the manner in which the work has been re- 
and appreciated in Europe. 

IS been twice edited and republished in the Clueen's do- 
I. First in Scotland, the editor being Prof. Lees ^ of the 
and Military Academy, and Lecturer on Natural Philoso- 
dinburgh." 

s Preface the editor sa3rB: "Among the many worics on 
J Philosophy which tiave made their appearance of late 
we certainly have not met with one uniting in a greater 

the two grand requisites of precision and simplicity than 
rk of Dr. Comstock. * • ♦ ♦ The principleik of the 
\ are stated with singular clearness, and illustrated by the 
pt, and interesting examples. ♦ * * ♦ The develop- 
f the various branches is effected by the help of weil-de- 

diagrams, and these by no means sparingly introduced. 
hed by Scoii^ Webster, f Geary, London, 
ing the last year the Philosophy was again edited by Prof 
3 of Oxford, now " Lecturer in the Institute of Medicine 
rts," London ; and author of a Medical Dictionary repub« 
in this country. This edition is dedicated to Marshall Hall, 

F. R. S., one of the chiefs of the Medical profession in 
stropolis, and who, it appears, has introduced it to his pupils 
lecture room. 

t following is an extract from Prof Hoblyn's Preface to his 
i: — 

tiis Manual of Natural Philosophy claims no higher merit 
bat of being a republication of the popular treatise of Dr. 
X)ck. of Hartford, in the United States, enlarged and to a 
1 extent remodeled. His colleague feels a peculiar pleasuie 
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ia the association of his own name with that of an author, who 
has earned a well-merited reputation in the pursuit of physical 
science. As ao elementary work, requiring for its perusal no 
mathematical attainment, nor indeed any previous knowledge of 
Natural Philosophy, it is at once simple, intelligible, and in moRt 
oarts familiar." • Published by Adam Scott, Cluirier Houa^, 
Square, London. 

Besides these two editions of the entire work, Dr. Comstoc k's 
Philosophy has been published in parts, in the form of scientific 
tracts, at a shillmg each, for general circulation in England. We 
understand also, that the work has been translated into German, 
for the use of the public schools in Prussia. 

Having thus undergone the critical examination of two Profes- 
sors of high attainments abroad, who have each corrected its 
errors, and added to its pages, and of whose labors, we have no 
doubt the author has availed himself, we now offer this revised 
edition to the public, with renewed confidence in its correctneasi 
as well as its adaptation to the purpose for which the work vi 
mteoded. 

NkwYcMUL 
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aathor has the natisfaction of being again called upon oy 
1-known, and enterprising publishers to superintend the 
f a new set of stereotype plates for tliis work, being the 
ich its circulation has required in this country, 
is improved edition, although large portions of the contents 
^n re- written, and much new matter added, the author 
m careful not to make such changes as to render it unfit to 
I in classes with the last edition. 

ttempting to make this copy more complete and aseful 
le former ones, the author has availed himself of the addi- 
nd corrections, made by Professor Lees of " the Naval and 
y Academy of Edinburgh," and of those of Professor Hob- 
BCturer in " The Institute of Medicine and Arts," London, 
two gentleman having done him the honor to associate 
names with that of the author, in two several editions of 
ork. 

he Chapters on the Steam Engine, and Astronomy, it was 
that many paragraphs might be omitted with advantage 
i essential parts of the subjects. These erasures have 
replaced by a description of the Railroad Loeomotive, and 
e insertion of Tables containing, the names of the new 
x>ids, and of those of their discoverers, with the date of each 
very. 

aong the additions will be found descriptions and illustrations 
tcCorraick's Reaper; Sharps' Rifle; Printing Presses, 
je's Printing Telegraph ; Manufacture of Percussion Caps; 
Organ; Mpnocbord; Hygrometer; Harmonicon; Air-Gun; 
»ing Needle, and much new matter on Electro-Magnetism, 
le questions, in this edition, are numbered, to correspond 
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with those of the paragraphs ; and nearly all the old cuts have 
been re-engraved, and about fifly new ones added. 

And, finally, perhaps the author will be excused for adding, 
that besides the circulation of this work in England, Scotland, 
and Prussia, there have been printed, and sold more than half 
a million copies in this country* 
* i. L. C. 

Hartford* Aprils 189ft. 



NATURAL PHILOSOPHY, kc. 



CHAPTER I.. 

THE PROPERTIES OF BODIES 

kTURAL Philosopht, ot the Science of Ndhtre^ has for its 
ts the investigation of the properties of all natural bodies 
;heir mntual action on each other. The term Pkyeics has 
lilar meaning. 

A Body is any substance of which we can gain a hnowl- 
by our senses. Hence^ otVj uratery and earth, in all their 
'JieatioM, are called bodies. 

There are certain properties which are common to all 
es. These are caUed the essential properties of bodies, 
f are Impenetrability^ Extension, FigurSy Divisibility^ In- 
t, and Attraction. 

. Impenstbabiutt. — By impenetrability, is meant that two 

ies can not occupy the same space at the same time, or, that 

ultimate particles of matter can not be ptoetrated. Thus, 

yesael be exactly filled with water, and a stone or any other 

itance heavier than water, be dropped into it, a quantity of 

er will overflow, just equal \/^ the sise of the heavy body. 

s shows that the stone only separates or displaces the parti- 

of water, and therefore that the two substances can not ex- 

in the same place at the same time. If a glass tube open 

lie bottom, and closed with Uie thumb at the top, be pressed 

m into a vessel of water, the liquid will not rise up and fill 

tube, because the air already in the tube resists it ; but if 

thumb be removed, so that the air can pass out, the water 

1 instantly rise as high on the inside of tne tube as it is on 

* 

nwt are the objects of natural nhiloeophj 1 ]. What ia a bodr 1 £• Mention 
anal bodief*. What are the essential properties of bodies 1 3. What la meant bf 
mnetrtUrility 7 How is it proved that air and water are impenetrable T 
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the outside. This shows that the air is impenetrable to the 
water. 

4. If a nail be driven into a board, in common language, it 
is said to penetrate the wood, but in the language of philoso- 
phy, it only separates, or displaces the particles of the wood. 
The same is the case, if the nail be driven into a piece of lead ; 
the particles of the lead are separated from each other, and 
i^T crowded together, to make room for the harder body, but tie 
particles themselves are by no means penetrated by* the nail. 

6. When a piece of gold is dissolved in an acid, the parli- 
cles of the metal are divided, or separated from each other, and 
diffused in the ^uid, but the particles of gold are supposed still 
to be entire, for if the acid be removed, we obtain the gold 
again in its solid form, just as though its particles had never 
been separated. 

6. Extension. — Every body, however small, must have length, 
breadth, and thickness, since no substance can exist without them^ 
By extension, therefore, is only msant these qualities. Exten- 
sion has no respect to the size, or shape of a body, 

7. The size and shape of a block of wood a foot square is 
quite different frora that of a walking-stick. But they both 
equally possess length, breadth, and thickness, since the stick 
might be cut into little blocks, exactly resembling in shape the 
large one. And these little cubes might again be divided until 
they were only the hundredth part of an inch in diameter, and 
»till it is obvious that they would possess length, breadth, and 
thickness, for they could yet be seen, felt, and measured. But 
suppose each of these little blocks to be again divided a thou- 
sand times, it is true we could not measure them, but still they 
would possess the quality of extension, as really as they did be- 
fore division, the only difference being in respect to dimensions. 

8. Figure or form is the result of extension, for we can not 
conceive that a body has length and breadth, without its also 
having sotm kind of figure, however irregular, 

**9. Some solid bodies have certain or determinate forms 
which are produced by nature, and are always the same, 
wherever they are found. Thus, a crystal of quartz has six 
sides, while a garnet has twelve sides, these numbers being in- 
variable. Some soUds are so irregular, that they can not be 

4. Wben a nail is driven into a board or piece of lead, are the particles of these 
bodies penetrated or separated 1 5. Are the particles of fold dissolved, or only sop. 
arated by the acid 1 6. What is meant by extension? 7. In bow manv directions 
do bodicfl possess extension 1 a Of what Is figure or form the result 1 Do all 
bodies pofsett figure 7 9. What solids are regular in their forms 1 



rBOFKKTXlM OF BOOIM. f0 

ired with any mathematical figure. This ia the csm 

he fragments of a broken rock, chips of wood, Iractured 

&c, ; these are called atnorphoua. 
Fluid bodies have no d''t"rminate formn, but take their 

} from the veesieLs in which they happen to be placed. 

. DivisiBiLi-n-. — By the divUibility of matier^ we mean 

body may be divided into parts^ and that then parte may 

be diviJ&i into other par ft. 

It is quite obvious, that if we break a piece of marble 

wo parts, t!iose two ])art8 may again be divided, and that 
rocess of division may b<' oiitlnuod until these parts are 
lall as not iii<lividu.illy to \)0 A<>r*n or felt. But as every 

however small, must )>os8'iss extension and form, so we 
ionceive of none so minute l>iit that it may ag^in be di- 
There is, however, {xMsiblv a limit, beyond which 
B can not actually be divided, tor there may be reason to 
'e that tlie atoms of m^itter are indivisible by any means 
r power. But under what circumstances this takes place, 
lether it is in the power of man during his whole life, to 
irize any suljstanco so finely, that it may not again be 
m, is unknown. 

. We can conceive, in some degree, how minute must be 
Mirticlea of matter, from circuoLstances that every day come 
In our knowledge. 

r. A single grain of musk will scent a room for years, and 
lose no appreciable ]>art of its weight. Here, the particles 
tusk mu>t be floating in the air of every part of the room, 
rwise they could not be every where perceived. 

5. Gold is haminen'd so tliin, as to take 282,000 leaves to 
e an inch in thickness. Here, the particles still adhere 
ach other, notwithstanding the great surface which they 
T, — a single grain being sufficient to extend over a surfJEice 
ifty square inches. 

6. Ikd'estruotibility. — This term m^ane that nothing ia 
royed. The ultimate particles of matter, however widely 
f may be diffused, are not individually destroyed, or lost, 
imder certain circumstances, may again be collected into a 

y without change of form. Mercury, water, and many 
ar substances, may be converted into vapor, or distilled in 

What bodiet are hrffular 1 11. Wbat If meant by diTlaibllity of matter 7 b 
e anj limit to the divitiibilitT of matter 1 12. Are the atoms of matter divistbla 1 
iVhat examples are given of the divlgibility of matter 1 15. How manr leavea of 

doefl it tijce to make an inch in thickness 1 How mauj 8i]uare inches iDAyft 
Q of irold be made to cover 1 16. Under what circumstances may tbt (tetntai 
tatter aeaio be coUe^ed In their oriltinal form ? 

1* 
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doee vessels, 'without any of their particles being lost. In sach 
^<y eases, there is ngdecomposition of* the substances, but only a 
^^ change of form byThe nea^Mid hence the mercury and watei 

assume their original state again on cooling.' 

17. Where bodies suffer decomposition or decay, their ele- 
mentary particles, in like manner, are neither destroyed nor lost, 
but only enter ruto new arrangements or combinations with 
other bodies. 

18. When a piece of wood is heated in a close vessel, such 
as a retort, we obtain water, an acid, several kinds of gas, and 
there remains a black, porous substance, called charcoal. The 
wood is thus decomposed, or destroyed, and its particles take a 
new arrangement, and assume new forms, but that nothing is 
lost, is proved by the fact that if the water, acid, gases, and 
charcoal, be collected and weighed, they will be found exactly 
le heavy as the wood was before distillation. 

19. bones, flesh, or any other animal substance, miay in the 
same manner be made to assume new forms, without losing a 
particle of the matter which they originally contained. 

20. The decay of animal or vegetable bodies in the open air, 
or in the ground, is only a process by which the particles of 
which they were composed, change their places and assume 
new forms. 

21. The decay and decomposition of animals and vegetables 
on the surface of the earth form the soil, which nourishes the 
growth of vegetables; and these, in their turn, form the nu- 
triment of animals. Thus is there a perpetual change from 
life to death, and from death to life, and as constant a succes- 
inon in the forms and places, which the particles of matter as- 
sume. Nothing is lost, and not a particle of matter is struck 
out of existence. The same matter of which every living ani- 
mal, and every vegetable was formed since the creation, is still 
in existence. As nothing is lost or annihilated, so it is proba- 
ble that nothing has been added, and that we, ourselves, are 
composed of particles of matter as old as the creation. In time, 
we must, in our turn, sufter decomposition, as all forms have 
done before us, and thus resign the matter of which we are 
composed, to form new existences. 

22. Inertia. — Inertia means pcbesiveness or want of power 

17. What Is meant bv Indestructibility 7 18. When bodies suffer decay, are their 
pfirtfclev lost 7 19. What becomes of the particles ofbod.es which deci'y "? 21 Is it 
pr^able that any matter has been antiihitated or added, since the first creatiohl 
wfatt to said of the particles of matter of which we are made 7 
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1^ matter m, of itself^ equally m ea p ahU qf putting itself m 
on^or of bringing itself to rest when in motion. 
I. It is plain that a rock on the sur&ce of the earth never 
ges its position in re8{>ect to other thinn on the earth. It 
»f itself no power to move, and would, merefore, fiM^ver lie 
unless moved by some external force. This fiact is proved 
be experience of every person, for we see the same objects 
I in the same positions all our lives. Now, it is just as true, 
inert matter has no power to bring itself to jrest, when once 
in motion, as it is that it can not put itself in motion when 
»t, for having no life, it is perfectly passive, both to motion 
rest ; and therefore citlier state depends entirely upon cir- 
stances. 

I. Common experience proving that matter does not put 
r in motion, we might be led to believe, that rest is Uie nat- 
state of aU inert bodies ; but a few considerations will show 
motion is as much the natural state of matter as rest, and 
either state depends on the reustance, or impulse, of ex- 
al causes. '--- — '""^ "' 

5. If a cannon-ball be rolled upon the ground, it will soon 
e to move, because the ground \& rough, and presents imped- 
Qts to its motion ; but if it be rolled on the ice, its motion 
continue much longer, because there are fewer impediments, 
consequently, the same force of impulse will carry it much 
iter. We see from this, tliat with the same impulse, the 
uice to which the ball will move must depend on the im- 
iments it meets with, or the resistance it has to overcome, 
suppose tliat tlie ball and ice were both so smooth as to re- 
re as much as possible the resistance caused by friction, then 
. obvious that the ball would conUnue to move longer, and 
to a greater distance. Next, suppose we avoid the friction 
Jie ice, And throw the ball through the air, it would then 
fcinue in motion still longer with the same force of projection, 
ause the air alone presents less impediment than the air and 
and there is now nothing to oppose its constant motion, ex- 
t the resistance of the air, and its own weight, or gravity. 
16, If the air be exhausted, or pumped out of a vessel by 
ans of an air-pump, and a common top, with a small, hard 
nt» be set in motion in it, the top will continue to spin for 

L What d>yn inertia ititfan 1 24. Is rest or motion the natural statn of matter 1 
Why rloes the hall roll farther on the ice than on the fcround ) What doef this 
re 1 Whj, with the same force of projection, will a ball move further through 
air than on the ice 1 26. Why will atop q>in, or a pendulum swing, longer in an 
iuited Tenel than in the uhr 7 
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hoars, because the air does not resist its motion. A pendulum, 
set in motion, in an exhausted vessel, will continue to swing, 
without the help of clock-work, for a whole day, because there 
is nothing to resist its perpetual motion but the small friction at 
the j)oint where it is suspended, and gravity. 

27. We see, then, that it is the resistance of the air, of fric- 
tion, and of gravity, which cause bodies once in motion to 
eease moving, or come to rest, and that dead matter, of itself, 
IS equally incapable of causing its own motion, or its own rest. 

28. We have perpetual examples of the truth of this doc- 
trine, in the moon, and other planets. These vast bodies move 
through spaces which are void of the obstacles of air and fric- 
tion, and their motions are the same that they were thousands 
of years ago, or at the beginning of creation. 

• 29. Attraction. — By attraction is meant that property or 
qttality in the particles of bodies, which makes them tend toward 
each other, 

30. We know that substances are composed of small atoms 
or particles of matter, and that it is a collection of these, united 
together, that form all the objects with which we are ac- 
quainted. Now, when we come to divide, or separate any sub- 
stance into parts, we do not find that its particles have been 
imited or kept together by glue, little nails, or any such me- 
chanical means, but that tJi ey cling together by some power, 

\J not obvious to our senses. Tnis power we'caU Attracttm^nt 
«^ of Ite" nature or cause, we are entirely ignorant. Experiment 
and observation, however, demonstrate that this power pervades 
all material things, and that und^r different modifications, it 
not only makes the particles of bodies adhere to each other, but 
IS the cause which keeps the planets in their orbits as they pass 
tiirough the heavens. 

31. Attraction has received different names, according to the 
circumstances under which it acts. 

32. The force which keeps the particles of matter together, 
to form bodies, or masses, is called Attraction of cohesion. 
That which inclines different masses toward each other, is 
called Attraction of gravitation. That which causes liquids to 
rise in tubes, is called Capillary attraction. That which forces 

37. What are the causes which resist the perpetual motion of bodies 1 28. Where 
have wc an example uf continued motion without the existence of air and friction 7 
29. What is meant by attraction ? 30 What is knorwn about the cause of attraction 1 
Is attraction common to all kinds of matter, or not 7 What effect does this power 
bave upon theplanets 7 31. Wliy has attraction received different names 7 32 How 
many kinds ofattraction are there 7 How does the attraction of cohesion operate 1 
What is meant by attraction of grav itation 7 What by capillary attraction 1 
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iticles of substMiOiB of different kinds to unite, in known 
the name of Chemical attraction. Tliat which cnii^ns 

edle to point constantly toward tho {h>I«*h of tlie enrtli, ia 

Btic attraction: and that wliich is excitcNl by friction in 

1 substances, is known by tho name of Altctrical at' 

m. 
The following illustrations, it is hoped, will make earh 

3f attraction distinct and ob\ious to tlie mind of tho stud*>nt 

, Attraction of Cohesion- acts only atinMnuible distances^ 

ken the particles of bodies apparently touch each other, 

I. Take two 

» of lead. Fig. 'Jo. »• 

I round form, 

ch in diame- 

id two inches 

; flatten one 

of each and oohetum, 

) through it 

lye-hole for a string. Make the other ends of ench as 
ith as possible, by cutting them with a sharp knife. If now 
nnooth surfaces be brought together, witli a slight turning 
sure, they will adhere witli such force that two men can 
Jy pull them apart by the two strings. 
3. in like manner, two pieces of plate glass, when tlieir 
ices are cleaned from dust, and they are pressed together, 
adhere with considerable force. Other smooth substances 
ent the same [>henomena. 

7. This kind of attraction is much stronger in some ]x><li<,*s 
a in others, Tlius, it is stronger in the metals tlmn in most 
3r substances, and in some of the metals it is strong(.'r than 
ithcrs. In general U is most powerful among the ]»urti(.los 
lolid bodies, weaker among those of liquids, and iirobably 
u*ely wanting among elastic fluids, such as air and the gases. 
J8. Thus, a small iron wire will hold a 8usj>ended wt.'ight 
many pounds, without having it& particles separated ; tho 
•tides of water are divided by a very small force, while those 
air are still more easily moved among each other. These 
©rent properties depend on the force of cohesion with which 
several particles of these bodies are imited. 

'■. What by chemical attraction 1 What ia that which makes the needle point 
Ktt\ rhe pole 1 How iselectrtml attraction excited 1 53. Oive an example of colie. 
attraction! 37. In what substances iscohesire attraction the siruu;test 7 Iq 
t substances is it the wealcest 7 38. Why art the particles f^'* ^nids more easily 
rated than those of solids ? 
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99^ Wktm ffae fistkltt of fluids are left to anange ihmt^ 
•efawt aooDrding to tfae km of attfaction, the bodies which ^m^l^ ■■. 
flp— po8e Ml II Hie the form of a globe or ball. 

40. Drops of water thrown on an oiled surfiace, or cm wav^ ' 
{^obdieBjof mercxuy,— hailstones, — a drop of water adhering 4|^ ; 
the ond of the finger, — tears ninning down the cheeks, and dew- ^ 
drops on the leaves of plants, are all examples of this law of [ i 
atuacticML The manaacture of shot is also a striking iUuatnr ] 
4aoiL The lead is melted and poured into a sieve, at the heighft . 
of about two hundred feet from the ground. The stream cf . 
lead, immediately after leaWng the sieve, separates into round < 
globules, which, before they reach the ground, are cooled and 
become solid, and thus are formed the shot used by sporta^ ^ 
men. 

41. To account for the globular form in all these cases, wa " 
liave only to consider that the particles of matter are mutually 
attracted toward a common center, and in liquids being free to 
move, they arrange themselves accordingly. 

42. In all igures except the globe or ball, some of the parti- 
des must be nearer the center than others. But in a body that ' 
1ft perfectly round, every part of the outside is exactly at the 
same distance from the center. 

43. Thus, the corners u>f a cube, or 

square, are at much greater distances no. 2. 

from the center than 'the sides, while 
the circumference of a circle or ball is 
every where at the same distance from 
it. This difference is shown by Fi^. 2, 
and it is quite obvious, that if Uie parti- 
cles of matter are equally attracted to- 
ward the comjnon center, and are free 
to arrange themselves, no other figure 
could possibly be formed, since then aiobtOar form. 

every part of the outside is equally at- 
tracted. 

44. The sun, earth, moon, and indeed all the heaven y bodies, 
are illustrations of this law, and therefore were probably in so 
soft a state when first formed, as to allow their particles freely 
to arrange themselves accordingly. 

*^ flotds take, when their particles are left to their own arranj^e- 
naplet of this law. 41. How is the trlobular form which liquida 
rf If the particles of a l>o(ly are free to move, and are equal* 
M MDter, what miut be its figure 1 43. Why must the figurt 
■tfraat natural bodies are examples of this law 7 
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AdheaioH between uiitU and liguidw. 



45. Adhesion. — ^The sttractioii betw^n BoKds and ^w^ 
k termed adhesion. This is well illustrated by meane of lig. a. 

FirstjVery nice- 
ly balance the "^- ^ 
pkAe of copper, 
0, by means of 
weights in th^ 
cnp, A, and then 
slide the vessel 
of water, B, un- 
der tiie copper, 
pouring in more 
of the fluid un- 
til the metal just 
touches it. Now 

on placing weights in A, it will be found that the metal ad* 
heres to Qie water with so much force, that if the plate has an 
area of about seven inches, it will require a weight of more than 
1000 grains to raise it from the surface of the water. — 
—46. Attraction of GravitatioV. — As the attraction of 
cohesion unites the particles of matter into masses or bodies, so 
the attraction of gravitation tends io force these masses toward 
each other^ to form those of still greater dimen- 
ims. The term gravitation, does not here 
strictly refer to the weight of bodies, but to 
,the attraction of the masses of matter toward 
each other, whether downward, upward, or 
horizontally. 

47. The attraction of gravitation is mutual,, 
since all bodies not only attract other bodies, 
but are themselves attracted. 

48. Two cannon-balls, when suspended by 
long cords, so as to hang quite near each other, 
are found to exert a mutual attraction, so that 
neither o£ the cords are exactly perpendicular, 
but they approach each other as in Fig. 4. 

49. In the same manner, the heavenly bodies, 
when they approach each other, are drawn out 
of the line of their paths, or orbits, by mutual 
attraction. 



no. 4. 




Attroetion. 



45. What explaniUion can you give of Fig. 31 . 46. What is meant by attraction of 

Savitation? 47. Can one body attract another without being itself attracteai 
b How Is it proved that bodies attract each other 1 
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50. The force of attraction increases in proportion as bodies 
approach each other, and by the same law it must diminish in 
proportion as they recede from each other. 

51. Attraction, in technical language, is inversely as the ' 
squares of the distances between the two bodies. That is^" in 
proportion as the square of the distance increases, in the same 
proportion attraction decreases, and so the contrary. Thus, 
if at the distance of 2 feet, the attraction be equal to 4 pounds, 
at the distance of 4 feet, it will be only 1 pound; for the 
square of 2 is 4, and the square of 4 is 16, which is 4 times 
the square of 2. On the contrary, if the attraction at the dis- 
tance of 6 feet be 3 pounds, at the distance of 2 feet it will be 
9 times as much, or 27 pounds, because 36, the square of 6, 
is equal to 9 times 4, the squai^ of 2. 

52. The law . 
of attraction in Fio. 6. 

masses is very sat- 
isfactorily shown 
by the two little 
cork balls in Fig, 
5. They are cover- 
ed with varnish. Attraction of cork balls. 

or beeswax, to re- 
pel the water. 

Two such balls placed on the surface of a dish of water, two 
or three inches apart, and not near the side of the dish, will 
soon begin to approach each other; their velocities being 
in proportion to their sizes, and increasing as their distances di 
minish, until quite near, when they rush together as though 
they had life. 

53. The intensity of light is found to increase and diminish 
in the same proportion. Thus, if a board a foot square, !« 
placed at the distance of one foot from a candle, it will be 
found to hide the light from another board of two feet square, 
at the distance of two feet from the candle. Now a board of 
two feet square is just four times ^s large as one of one foot 
square, and therefore the light at double the distance being, 
spread over four times the surface, has only one fourth the in- 
tensity. 



60. Br what law ur rule, does the force of attraction Increase ? 51. Give an exam* 
pie of this rule. 92. Ifow is attraction illustrated by Fig 57 53. How is it showA 
that the intensity of light increases and diminishes in the same proportion as the at 
tnctiouofmatterl 
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The force of tlie attraction of gravitation, is in proportion 
quantity of matter the attracting body contains. 
Some bodies of the same bulk contam a much greater 
ly of matter than others : thus, a piece of lead coiit'iins 
twelve times as much matter as a piece of cork* of the 
dimensions, and therefore a piece of lead of any ^v(mi 
id a piece of cork twelve times as large, will attract each 

2ually. 
Iapillart Attraction. — The force by which small 
tfr porous substanceSy raise liquids above their levels, is 

capillary attraction. 

If a small glass tube bo placed in water, the water on 
lide will be raised above the level of tliat on tlie out<^ido 

tube. The cause of this seems to be nothing more than 
dinary attraction of the particles of matter for each other, 
ides of a small orifice are so near each other as to attract 
uticles of the fluid on their opposite sides, and as all at- 
m is strongest 19 the direction of the greatest quantity of 
r, the water is raised upward, or in the direction of tlie 
1 of the tube. On the outside of the tube, the opposite 
es, it is obvious, can not act on the same column of water, 
herefore the influence of attraction is here hardly percep- 
:n raising thi) fluid. Tliis seems to be Uie reason why the 
rises higher on the inside than on the outside of the tube. 
. Height and size of the bore, — The 
t to which the fluid will rise, 
I to depend, not on the specific 
ty of the fluid, but on the size of 
ore. 

. Thus, if the four glass tubes, 
n by Fiff. 6, are respectively the 
, 20th, 4bth, and 80th of an inch 
ameter, then the height of the 
in each will be inversely as their 
al diameters. 

I. On comparing the elevation of several fluids in tubes of 
Ame diameter, it has been found that water rose more than 
i times as high as sulphuric acid, though the latter is noarly 

1>o bodies attract in proportion to balk, or auantitv of mattrr 7 55. What 
I be the difference of attraction between a cubic inch orlcad. and a rub c inch of 
' Why would there be «d much difference 1 56. What it meant by capillary 
tion ) 57. How is this kind of attraction illustrated with glass tubes ? Wliv 
he water rise higher in the tube than it does on the outside ? 68. On what 
be height of the fluid in capillary tubes depend 1 59. Explain Fi(. 6. 60. Wbr* 
difference in heif ht between sulpburic acid and water 1 



no. tt. 
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CapiMary attraction. 
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twice as heary as the fonner, and therefore contains a pr<»(M^ 
tionate quantity of attractive matter. The cause of this dioEer- 
ence is unknown. 

61. Prevents evaporation. — ^It is very remarkable that capil* 
lary attraction prevents evaporation. Thus, fine glass tube% 
open at both ends, and containing water, were exposed to the 
influence of the sun, in the open air, for months, without losing 
the least portion of their contents. 

62. It is well known that mercury in a small vertical tube is 
depressed around the sides next to the glass ; but rises in the 
center, forming the section of a ball. This is owing to the 
strong attraction the particles of this metal have for each other, 
while they appear to Iiave none for the glass. This attractioD 
b beautifully shown by the httle bright globules which mercu- 
ry forms on being thrown on a smooth surface. 

63. A great variety of porous substances are capable of ca- 
pillary attraction. If a piece of sponge or a lump of sugar be 
placed so that its lowest comer touches the water, the fluid will 
rise up and wet the whole mass. In the same manner, the 
wick c^ a lamp will carry up the oil to supply the flame, though 
the flame is several inches above the level of the oil. If the 
end of a towel happens to be left in a basin of water, it will 
empty the basin of its contents. And on the same principle, 
when a dry wedge of wood is driven into the crevice of a rpck, 
and afterward moistened with water, as when the rain falls 
upon it, it will absorb the water, swell, and sometimes split the 
rock. In Germany mill-ston^ quarries are worked in this 
manner. 

64. Chemical Attraction takes place bettoeen the particles 
of substances of different kinds, and unites them into one com- 
pound, 

65. This species of attraction takes place only between the 
particles of certain substances, and is not, therefore, a universal 
property. It is also knovm by the name of chemical affinity^ 
because the particles of substances having an affinity between 
them, will unite, while those having no affinity for each other 
do not readily enter into union. 

66. There seems, indeed, in this respect, to be very singular 
preferences, and dislikes, existing among the particles of matter. 



61. What }8 Mid of its preventing evaporation 1 62. Why does mercnry form m 
section of a ball in a glass tube ? 64. What is the effect of chemical attraction 1 
66. Bx what other name is this kind of attraction known 1 66. What efl^t is pro- 
duced when marble and sulphuric acid are brought together 1 What is the effect 
when glass and this acid are brought together 1 What is tLe reason of this difftrence t 
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if a piece of marble be thrown into sulphuric acid, their 
(es will unite with great rapidity and commotion, and there 
»ult a compound differing in all respects from tlie acid 
I marble^ I3u{ if a piece of glass, quartz, gold, or silver. 
t>wn into this acid, no change is pnxluc^ on either, be- 
their particles have no affinity. 

Sulphur and quicksilver, when heated together, will form 
atiful red compound, known under tlio name of ivrmi/foii, 
^hich has none of the qualitiiMi of sulphur or quicksilver. 
Oil and water have no affinity for each other, but pot- 
as an attraction for both, and therefore oil and water will 
when potash is mixed with them. In tliis manner, tlie 
iDown article called soap is formed. But the pot'ish has 
»nger attraction for an acid than it has for either the oil or 
rater ; and therefore, when soap is mixed with an acid, the 
h leaves the oil, and unites with the acid, thus destroying 
Id compound, and at Uie siime instant forming a new one. 
same happens when soap is dissolved in any water con- 
ig an acid, as the waters of the sea, and of certain welb. 
potish forsakes the oil, and unites with the acid, thus leav* 
De oil to rise to the surface of the water. Such waters are 
i hard^ and will not wash, because the acid renders the 
ih a neutral substance. 

». Magnetic Attraction. — ^There is a certain ore of iron, 

)ce of which, being suspended by a thread, will always turn 

of its sides to the north. Tliis is called the loadstone, or 

val magnet, and when it is brought near a piece of iron, or 

, a mutual attraction takes place, and under certain circum- 

ces the two bodies will come together, and adhere to each 

T. Tliis is called Magnetic Attraction, When a piece of 

I or iron is rubbed with a magnet, the same virtue is com- 

licated to the steel, and it will attract other pieces of steel, 

if suspended by a string, one of its ends will constantly 

it toward the north, while the other, of course, points 

ard the south. This is called an artificial magnet. The mag- 

e needle is a piece of steel, first touched with the loadstone, 

then suspended, so as to turn easily on a point By means 

this instrument, the mariner guides his ship through the 

bless ocean. See Magnetism, . 

. Wben sulphur and quicksilver are combined, what is formed 7 68. How may 
lod water be made to unite 1 What is the compoeitloQ thus formed called 1 
r doee-an acid destroy this compound 1 What is the reason that hard water will 
wash 1 69. What is a natural magnet 1 What is meant bymagnetic attraction 1 
ftt Is an artificial magnet 1 What is a magnetic needle 1 what is its use 1 
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70. Electrical Attraction. — ^When a ^Mece of glass, oi 
sealing-wax, is rubbed wjth the dry hand, or a piece of cloth, 
and £en held toward any li^t substance, such as hair ot 
tliread, the light body will be attracted by it, and will adhere 
for a moment to the glass or wax. The influence which thus 
moves the light body is called Electrical Attraction, When 
the light body has adhered to the surface of the glass for a mo- 
ment, it is again thrown ofl^, or repelled, and this is called Elec- 
trical Mepulnion. See Electricity/. 

71. We have thus described and illustrated all the universal 
or inherent properties of bodies, and have also noticed the seve- 
ral kinds of attraction which are peculiar, namely, Chemical, 
Magnetic, and Electrical. There are still several properties to 
be meutioned. Some of them belong to certain kinds of mat- 
ter in a peculiar degree, while other kinds possess them but 
slightly, or not at all. These properties are as follows : 

72. IJENSiTY. — This property relates to the compactness of 
bodies J or the number of particles which a body contains within 
a given hulk. It is closeness of texture, 

73. Bodies which are most dense, afe those which contain 
the least number of pores. Hence, the density of the metals is 
much greater than that of- wood. Two bodies being of equal 
bulk, that which weighs most is most dense. Some of the 
metals may have this quality increased by hammering, by 
which their pores are filled up, and their particles are brought 
nearer to each other. The density of air is increased by forcing 
more into a close vessel than it naturally contained, * 

74. Rarity. — This is the quality opposite to density^ and 
means that the substance to which it is applied is porous and 
light. Thus, air, water, and ether are rare substances, while 
gold, lead, and platina are dense bodies. 

76. Hardness. — This property is not in proportion^ at 
might be expected^ to the density of the substance, but to the 
force with which the particles of a body cohere, or keep their 
places. 

76. Glass, for instance, will scratch gold or platina, though 
these metals are much more dense than glass. It is probable, 
therefore, that these metals contain the greatest number of par- 
ticles, but that those of the glass are more firmly fixed in their 
places. 

70. Wtiat it meant bv electrical attraction ? What is electrical repulsion ? 71. What 
pntpertieu of bodies nave been described 1 72. What is density ? T3. What bodies 
are most dense 1 How may this quality he increased in metals 7 74. What is rarity 1 
What are rare bodies 7 Wnat are dense bodies 1 75. How does hardness differ firon 
density 1 76. Why will (lass scratch gold or platina ? 
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^ Some of Uie metals can be imule Lard or soft at pleasure. 

Bteel, when heated, and then suddenly cooled, becomes 

iT than glass ; while, if allowed to cool slowly, it is soft, and 

le. 

. EIlasticity is that property in bodies by which, after 

forcibly compressed, or bent, they regain their oritjinal 

when the Jbrce is removed, 

. Some substances are highly elastic, while others want 
property entirely. The separation of two bodies after im- 

is a proof that one or both are elastic In general, most 

and dense bodies possess this quality in greater or Iosk de- 
Ivory, glass, marble, flint, and ice, are clastic solids. 
70iy ball, dropped upon a marble slab, will bound nearly 
le height from which it fell, and no mark will be K'ft on 
r. India rubber is exceedingly elastic, and, on being thrt>wn 
bly against a hard body, will bound to an amazii^ distance. 
f, when hardened in a particular manner, and wrought into 
dn forms, possesses this property in tlie highest degree. 
X2h-springs, and those of carriages, as well as sword -blades, 
examples. Gold, silver, copper, and piatina, also have this 
>erty in a degree. 

0. !rutty, dough, and wet clay are examples of the entire 
t of elasticity ; and if either of these be thrown against an 
ediment, they will be flattened, stick to the place they touch, 
never, like elastic bodies, regain their former shapes. 

1 . Among fluids, water, oil, and in general all such substances 
je denominated liquids, are nearly inelastic, while air, and 
gaseous fluids, are the most elastic of all bodies. 

,2. Change of Form. — The change of 

D in an elastic body, as an India rubber ''^ ^• 

, is shown by Fig. 7, where its side, ^^???*^ 

striking an impediment, is compressed ,jr ] ^^^^S^w 

1^ but instantly springs to 6 ; the dark fll \ W\ 

\ between them being the surfSaoe in l\^ j-j-j 

naturd state. \Vv \}l 

38. Brittlbness is the vropertff which \^...9{....^' 

ders substances etuily broken, or sepa- ^^^^St^ 

ed into irregular fragments. This ckfmf%fwm, 
yperty belongs chiefly to hard bodies, 

84. It does not appear that brittleness is entirely opposed to 

T. What metal can be made hard or aoa at pleasure 1 78. What ia meant by 
iticlty 1 79. How is It known that bodies poeseaa thia nroperlv 1 Mention aeve- 
elastle solida. 60. Give examples of iiMlastte soUds. 81. Do liquids powMsthis 
ipntyl What are ths most elastic of all sabstancesl 82. Explain Fif. 7. 83. What 
NrittlsneMl 
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elasticity, since, in many substances, both these properties are 
united. Glass is the standard, or type of brittleness; and yet 
a ball, or fine threads of this subsUmce, are highly elastic, as 
may be seen by the bounding of the one, and the springing of 
the other. Brittleness often results from the treatment to 
which substances are submitted. Iron, steel, brass, and copper, 
become brittle when heated and suddenly cooled; but if cooled 
^ slowly, they are not easily broken; 

86. Malleability. — CapaJbility cf hdng drawn under the 
hammer or rolling-press. 

This property belongs to some of the metals, but not to all, 
and is of vast importance to the arts and conveniences of life. 

86. The malleable metals are platina, gold, silver, iron, cop- 
per, lead, tin, and some others. Antimony, bismuth, and co- 
balt are brittle metals. Brittleness is, therefore, the opposite 
of malleability. 

87. Gold is the most malleable of. all substances. It may 
be drawn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malleable. 

88. Ductility it that propetty in stibstances which renders 
them su^cqitible of being drawn into wire, 

89. We should expect that the most malleable metals would 
also be the most ductile ; but experiment proves that this is 
not the case. Thus, tin and lead may be drawn into thin 
leaves, but 'can not be drawn into small wire. Gold is the most 
malleable of all the.m^tal^ but platina is the most ductile. 
Dr. WoUaston drew platina into threads not much larger than 
a spider's web. 

90. TENAcrrY, in common language called toughness, refers 
to the force of cohesion among th£ particles of bodies. 

Tenacious bodies are not easily pulled apart. There is a re- 
markable difference in the tenacity of dififerent substances. 
Some possess this property in a surprising degree, while others 
are torn asunder by the smallest force. 

91. Tenacity of Wood, — The following is a tabular view of 
the absolute cohesion of the {Hincipal kinds of timber employed 
in the arts and in building, showing the weight which would 
rend a rod an inch square, and also the length of the rod, 
which, if suspended, would be torn asunder by its own weight. 

84. Are brittleness and elasticity ever found In the same substance 7 Oire exam- 
ples. How are iron, steel, and brass made brittle? 85. What does malleability 
mean? 86 What metals are malleable, and what are brittle? 87. Which is tht 
must malleable metal ? 88. Wh it is meant by ductility ? 89. Are the most malleap 
ble metals the most ductile 1 90. What is meant by teoacttj 1 From what doee thii 
property arise 7 



PR0PXBTIB8 OF BODUS. 



28 



It appears, by experiment, that the following^ ig the ave- 
macity of the lands of woods named ; but it is found that 
i much diffeienoe in the strength of the same species, 
en of the different parts of the same tree. 
The first line lefers to the weight, and the other to the 
; the wood being an inch square. 





Poandi. 


Teak, . . 


. . 12,915 


Oak, . . 


. . 11,880 


Sycamore, . . 


. . 9,630 


Beech, . . . 


. . 12,225 


Ash, . • , 


. . 14,130 


Elm, . . . 


. . 9,640 


Larch, . . . 


. 12,240 



36,049 
32,900 
35,800 
36,940 
39,050 
40,500 
42,160 



Tenacity cf the MetdU. — ^The nietals differ much more 
r in their tenacity than the woods. According to the ex- 
ents of Mr. Bennie, tiie cohesive power of the several 
» named below, each an inch square, is equal to the num- 
' pounds marked in tjie table, while the teet indicate the 
i required to separate each metal by its own weight 

Cast steel,'' . 
Malleable iron. 
Cast iron. 
Yellow brass. 
Cast copper, . 
Cast tin, 
Cast lead, . 

.e cohesion of fluids it is difficult to measure, though some 
stion of this property is derived by the different sizes of 
[rops of each on a plane surface. 

. RsoAprruLATiON. — ^The common or essential properties 
dies are, Impenetrability, Extension, Figure, Divisibility, In- 
, and Attraction. Attraction is of several kinds, viz. attraction 
^hesion, attraction of Gravitation, Capillary attraction, Chem- 
tttraction, Magnetic attraction, and Electrical attraction. 
. Thje peculiar properties of bodies are. Density, Rarity, Hard- 
Elasticity, Brittleness, Malleability, Ductility, and Tenacity. 

Qive the names of the most tenacious sorts of wood. 94. What meralsare most 
0118 1 What metals ar6 least tenacious ) 95. What are the essenfial properties 
lies 1 tf ow many kinds of attraction are there 1 96. What are the peeuliu 
rties of bodies 7 



Poondi. 


F^sL 


. 134,256 . . . 


. . 39,455 


. .72,064 . . . 


. . 19,74Q 


. . 19,096 . . . 


. . 6,110 


. . 17,968 . . . 


. . 5,180 


. . 19,072 . . . 


. . 5,093 


. . 4,736 . . . 


. . 1,496 


. . 1,824 . . . 


. . 348 



CHAPTER II. 

GRAVITY. 

97. Thb force hy which bodies are drawn toward each oth» 
in the mass, and by which they descend toward the earth whm 
let faU from a height, is called the force of gravity, 

98. The attracdon which the earth exerts on all bodiei 
near its surface, is caUed terrestrial gravity ; and the f(»oe 
with which any substance is drawn' downward, is called its 
weight, 

99. All falling bodies tend downward, or toward the center 
of the earth, in a straight line from the point where they are 
let falL If, then, a body descends, in any part of the world, 
the line of its direction will be perpendicular to the earth's si^ 
&ce. It follows, therefore, that two falling bodies, on c^posita 
parts of the earth, mutually fall toward each other. 

100. Suppose a cannon-ball to be disengaged from a height 
opposite to us, of! the other side of tilie earth, its motion in r^ 
spect to us would be upward, while the downward motion froii 
where we stand would be upward in respect to those who stand 
opposite to us on the other side of the earth. 

101. In like manner, if the falling body be a quarter, in- 
stead of half the distance round the earth from us, its line of 
direction will be directly across, or at right-angles with the line 
already supposed. 

102. This will be readily understood by Fig, 8, where the 
circle is supposed to be the circumference of the earth; A, the 
ball falling toward its upper sorface, where we stand ; B, a baD 
&]ling toward the opposite side of the earth, but ascending in 
Tespect to us; and D, a ball descending at the distance of a 
quarter of the circle from the other two, and crossing the fine 
of their direction at right-angles. 

103. It wiU be obvious, therefore, that what we call up and 
down, are merely relative terms ; and that what is down in re- 

97. What is gravity 1 98. Wbat ts terrestrial grarity ? 90. To \rhat point in tbt 
•arth do fiilling bodies tendl 100. In what direction will two falling bodies, from 
opposite parts of the earth, tend in respect to each other 1 101. In what direction 
will one from half-way between them meet their line 1 108. How is this shown bf 
l^g. 8 ? 103. Are the terms up and doion relative or positive in their meaning ? 
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Its, la up in respect 
who liv« on th« 
side of the earth, 
e contrary. ConB«- 
(foiOTi every where 
award the center of 
i; and up, from the 
\ the earth, because 
f descend toward the 
enter from whatever 
y are let fall. Thia 
apparent when we 
that, aa the earth 
rer every 24 houre, 
irried with it through 
ita A, D, and B, Ftp. 

therefore, if a body DincH^m <f FVOmt b* un. 

«ed to fall from the 

, aay at 12 o'clock, and the same to fall again from t!ic 
int above tie earth at 6 o'clock, the two lines of directi ^n 
Kt right-angles, as represented in the figure, for that part 
uth which was under A at 12 o'clock, will be under D a'' 
k, the earth having in that time, performed one quarter 
■ily revolution. At 1 2 o'clock at night, if the body bo 
id to fall ^;ain, its line of direction will be at ri^t-aii- 
Qk tliat of its last descent, and consequently, it will a*- 
respect to the point from which it fell 12 hoOTB before, 
) the earth would have then gone through one half her 
otatioii, and the point A would be at B. 



. Th* velocity (f every falling body it uniformly tueefe- 
n its approach totnard the earth, from whatever haght it 

. If a rock is rolled from a steep mountain, its motion in 
; ilow and gentle ; but, aa it proceeds downward, it tnovee 
perpetually increased velocity, seeming to gather fresh 
every moment, until its force is such that every obstacle 

I. The principle of increased velocity as bodies desceuii 
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from a heis'ht, is curiously illustrated by 
pouring nx^aaseB or thick syrup from an 
elevation bo the ground. The bulky stream, 
Fiff. 9, of perhaps two inches in diameter 
where it leaves the vessel, as it descends, is 
reduced to the size of a straw, or knitting- 
needle; but what it wants in bulk is made 
up in velocity, for the small stream at the 
ground will fill a vessel just as soon as the 
Etrge one at the outlet 

107. For the same reason, a man may 
leap &om a chair without danger, but if he 
jumps from the house-lop, his velocity be-_ 
comes so much increased before he reaches 
the ground, as to endanger his life by the 
blow. 

It b found, by experiment, that the mo- 
tion of a (ailing body is accelerated in regu- 
lar mathematical proportions. 

These increased proportions do not de- 

End on the increased weight of the body, 
cause it approaches nearer the center of 
the earth, but on the constant operation of thi 
which perpetually gives 
increases its velocity. 

106. It has been ascertained, by experiment, that a bo^ 
falling fr«ely, and without resistance, passes through n epsce 
of 16 feet and 1 inch during the first second of time. Leaving 
out the inch, which is not necessary for our present purpose, 
the ratio of descent is as follows : 

109. If the height through which a body falls in one second 
of time be known, the height which it falls in any proposed 
time may be computed. For since the height is proportional 
to the square of tlie time, the height :hrough which it will EaU 
in tvm seconds will be /oar times that which it falls through in 
one second. In three seconds it will fall through nine times that 
space; in /our seconds mteen dniea that of the first second ; in 
^ve seconds tioeiity-fii-e times, and so on in this pniportion. 

The following, therefurp. v a general rule to find the height 
through which a body will fall in any given time. 



J of grETityt 

impulses to the tailing body, and 



vjt whyii 
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Rule, — Reduce the given time to teconde ; take the 
cf the number of seconds in the Hmr, and multiply the 
through which the body fulls in one secoiul by that num- 
d the result will be the height sought, 
. The following table exhibits the height in feet, and tha 
ibnding times in seconds. 



e 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


i^t 


1 


4 


9 


16 


25 


36 


49 


64 


81 


100 



r, as the body falls at the rate of 16 feet during the first 
, this number, according to the rule, multiplied by the 
oi the time, that is, by the numbers expressed in the soc- 
le, will show the actual distance through which the body 

• Thus we have for the first second 16 feet ; for the end 
second; 4x16=64 feet; ^AtVrf, 9 X 16 = 144 ; fourth, 
6=266; fifth, 26x16=400; sixth, 36x16=576; 
^ 49 X 16=784 ; and for the 10 seconds 1600 feet. 
t. If, on dropping a stone from a precipice, or into a well, 
ant the seconds from the instant of letting it fall until we 
t strike, we may readily estimate the height of the preci- 
yr the depth of the well. Thus, suppose it is 6 seconds in 
,V then we only have to square the seconds, and multiply 
fy the distance the body nills in one second. We have 
5 X 6=25, the square, which 25 X 16 =400 feet, the depth 
I well. 

I. Thus it appears, that to ascertain the velocity with 
i a body &lls in any given time, we must know how many 
t fell during the first second : the velocity acquired in one 
d, and the space fallen through during that time, bein^ the 
imental elements of the whole calculation, and all that are 
sary for the computation of the various circumstances of 
g bodies. 

5. The diflSculty of calculating exactly the velocity of a 
g body from actual measurement of its height, and the 
which it takes to reach the ground, is so great, that no ac- 
ye computation could be made from such an experiment. 
16. Atwood's Machine. — ^This difficulty has, however, been 
eorae by a curious piece of machinery invented by Mr. At- 
i. This coijsists of an upright pillar, with a wheel on the 

What is the rule by which the height from which a body falls may be foand t 
low many feet wiU a body fall in 10 seconds 1 113. If the stone is 5 seconds in 
r, how deep is the well 1 116. Is the velocity of a faUioc body calculated from 
1 measurtment, or l^ a machine ? 
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lop, as flbowD by /%>. 10. The 
weights A and B are of the same 
size, and are made to balanee each 
other exactly, being connected by 
ft thread passing over the wheel. 
The ring, R, admits the weight, A, 
to &I1 through it in its pass^e to 
the stage, S, on which it rests. 
The ring and stage slide up and 
down, and &re fastened by a thumb- 
Bcrew. The pillar is a graduated 
scale, and M is a small bent wire, 
weighing a quarter of an ounce, and 
longei than the diameter of the 



be used, the weight, A, is drawn up 
to the top of the scale, and the ring 
and stage are placed a certain num- 
ber of inches from each other. The 
small bar, M, is then placed across 
the weight, A, by means of which 
it is made slowly to descend. When 
il has descended to the ring, the 
small weight, M, is taken off by the 
ring, and thus the two weights are 
left equal to each other. Now it 
uust be observed, that the motion 
snddescentof the weight, A.areen' 
tiiely owing to the gravit^ing force 
of the weight, M, until it arrives at t 

lion of gravity is suspended, and the large weight continues to 
move downward to tae stage, in consequence of the velocity it 
had acquired previously to that time. 

118. To comprehend the accuracy of this machine, it miut 
be understood that the velodljes of gravitating bodies are sup- 
posed to be equal, whether they are large or small, this being 
the case when no calculation is made for the resistance of the 
air. Consequently, the weight of a quarter of an ounce placed 
on the large weight, A, is a representative of all other solid 
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3 ring, R, when the ao- 



teifta b Ukni off hT IhF r 
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ling bodies. The slowness of its descent, when com- 
witQ freely gravitating bodies, is only a convenience by 
its motion can be accurately measured, for it is the m- 
of velocity which the machine is designed to av:ertain, 
i the actual velocity of £dliog bodies. 
. Now it will be readily comprehended, that in this re- 
t makes no difference how slowly a body fislls, provided 
9WS the same lawi as other descending bodies^ and it has 

Lbeen stated, that all estimates on this subject are made 
I known distance a body descends during the first seo- 
^ time. 

I. It follows, therefore, that if it can be ascertained ex 
how much faster a body falls during the third, fourth, or 
KX>nd, than it did during the first second, we should be 
) estimate the distance it would fall during all succeeding 
Is. 

I. I( then, by means of a pendulum beating seconds, the 
t, A, should be found to descend a certain number of inches 
I the first second, and another certain number during the 
lecond, and so on, the ratio of acceleration would be pre- 
ascertained, and could be easily applied to the Oalling of 
.'bodies ; and this is the use to which this instrument is 
Id. 

I. It will be readily conceived, that solid bodies falling from 
heights, must ultimately acquire an amazing velocity by 
proportion of increase. An ounce ball of lead, let fall from 
tain height toward the earth, would thus acquire a force 
t twenty tames as great as when shot out of a rifle. 
IS. By actual calculation, it has been found that were the 
t to lose her projectile force, which counl>erbalances the 
1^ attraction, she would fall to the earth in four days and 
tty hours, a distance of 240,000 miles. And were the 
I's projectile force destroyed, it would fall to the sun, with- 
resistance, in sixty-four days and ten hours, a distance of 
00,000 of miles. 

W. Every one knows, by his own experience, the different 
ts of the same body falling from a great, or small height. 
c>y will toss up his leaden bullet and catch it with his 
I, but he soon learns, by its painful effects, not to throw it 

Bf what means is the ratio of descent found 1 122. Woald it be possible for a 
ftll to acquire a greater force bj falling, than if shot from a rifle 7 123. How 
ronld it taice the moon to come to the earth, according to the law of increased 
y 7 How long would it take the earth to fall to the sun 1 124. What familiar 
itions are given of the force acquired bj the velocity of billing bodies 1 
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too lugh. The effects of hailstones on window-glass, animals, 
and vegetation, are often surprising, and some times calamitous 
illustrations of the velocity of felling bodies. 

125. It has been already stated that the velocities of solid 
bodies, falling from a given height toward the earth, are equal, 
or in other words, that an ounce ball of lead will descend in the 
same time as a pound ball of lead. 

This is true in theory, and in a vacuum, but there is a slight 
difference in this respect in favor of tlie velocity of the larger 
body, owing to the resistance of the atmosphere. We, how- 
ever, shall at present consider all solids, of whatever size, as de- 
scending through the same spaces in the same times, this being 
exactly true when they pass without resistance. 

126. To comprehend the reason of this, we have only to con- 
sider, that the attraction of gravitation in acting on a mass of 
matter, acts on every particle it contains ; and thus every parti- 
cle is drawn down equally, and with the same force. The ef- 
fect of gravity, therefore, is in exact proportion to the quantity 
of matter the mass contains, and not in proportion to its bulk. 

127. A ball of lead of a foot in diameter, and one of wood 
of the same diameter, are obviously of the same bulk ; but the 
lead contains twelve particles of matter where the wood con- 
tains only one, and consequently will be attracted with twelve 
times the force, and therefore will weigh twelve times as much. 

128. Attrdction proportionable to the quantity of matter. — 
If^ then, bodies attract each other in proportion to the quantities 
of matter they contain, it follows that if the mass of the earth 
were doubled, the weights of all bodies on its surface would also 
be doubled ; and if its quantity of matter were tripled, all bodies 
would weigh three times as much as they do at present. 

129. It follows, also, that two attracting bodies, when free to 
move, must approach each other mutually. If the two bodies 
contain like quantities of matter, their approach will be equally 
rapid, and they will move equal distances toward each other. 
But if the one be small and the other large, the small one will 
approach the other with a rapidity proportioned to the less 
quantity of matter it contains. 

130. It is easy to conceive, that if a man in one boat pulls at 

125 Will a small and a large body fall through the same space in the same time? 
lai. On what parts of a mass of matter does the force of eravity act ? Is the effect 
of gravity in proportion to bulk, or quantinr of matter 7 127. What is the difference 
between a ball or lead and one of wood, of the same sizel 133. Were the mass of 
the earth doubled, how much more should we weigh 1 129. Suppose one body 
vioving toward another, three times as large, by the force of gravity what would btf 
lisir proportional Tetocities ? 130. How is this illustrated ) 
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kttacned to another boat, the two boats, if of the Mra<^ 
1 move toward each other at the same rate ; but if the 
large, and the other small, the rapidity with which each 
rill be in proportion to its size, the lai^ one moving; 

much less velocity as its size is greater. 

A man in a boat, pulling a rope attached to a ship, 
^nly to move the boat ; but that he really mo^ es the 
certain, when it is considered that a thousand boa s pull- 
;he same manner would make the ship meet them half 

ppears, therefore, that an equal force acting on bodies 
ing diiOferent quantities of matter, moves them with dif 
relocities, and that these velocities are in an inverse pro 
L to their quantities of matter. 

espect to eqv4j.l forces^ it is obvious that in the case of 

ip and single boat, they were moved toward each othei 

same force, that is, the force of a man pulling by a 

The same principle holds in respect to attraction, for all 

attract each other equally, according to the quantities of 

r they contain ; and since all attraction is mutual, no body 

L Suppose a body to be placed at a distance from the 

weighing two hundred pounds ; the earth would then 

t the body with a force equal to two hundre*! pounds, and 

ody would attract the earth with an equal force, otlier- 

their attraction would not be equal and mutual. Another 

, weighing ten poundj«, would be attracted with a force 

1 to ten pounds, and so of all bodies according to the quan- 

rf matter they contain ; each body being attracted by the 

i with a force equal to its own weight, and attracting the 

1 with an equal force. 

i3. If, for example, two boats be connected by a rope, and 
m in one of them pulls with a force equal to 100 pounds, 
plain that the' force on each vessel would be 100 pounds. 
if the rope were thrown over a pulley, and a man were 
ull at one end with a force of 100 pounds, it is plain it 
Id take 1 00 pounds at the other end to balance. See Fig. 1 1 . 



Does a large body attract a small one with any more force than it is attracted 1 
(uppose a body weighing 200 pounds to be placed at a distance from the earth, 
bow much force does the earth attract the body 1 With what force does the 
iKract the earth? 133. Suppose a man in one boat pulls with a force of IQO 
li at a rope fastened to another boat, what would be the force on eacli bo«:i 
Is this illustrated 1 
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FIG. 11. 




Attraction iUuatrated. 

IS 4, Attracting bodies approach each other. — It is inferred 
from the above principles, that all attracting bodies which are 
free to move, mutually approach each other, and therefore that 
the earth moves toward every body which is raised from its sur- 
fece, with a velocity and to a distance proportional to the quan- 
tity of matter thus elevated from its surface. But the velocity 
of the earth being as many times less than that of the falling 
body &s its mass is greater, it follows that its motion is not per- 
ceptible to us. 

The following calculation will show what an immense mass 
of matter it would take, to disturb the earth's gravity in a per- 
ceptible manner. 

135. If a ball of earth, equal in diameter to the tenth part 
of a mile, were placed at the distance of the tenth part of a 
mile from the earth's surface, the attracting powers of the two 
bodies would be in the ratio of about 512 millions of millions 
to one. For the earth's diameter being about 8000 miles, the 
two bodies would bear to each other about this proportion. 
Consequently, if the tenth part of a mile were divided into 512 
milUons of millions of equal parts, one of these parts would be 
nearly the space through which the earth would move toward 
the feUing body. Now, in the tenth part of a mile there are 
about 6400 inches, consequently this number must be divided 
into 512 milhons of millions of parts, which would give the 
eighty thousand millionth part of an inch through which the 
earth would move to meet a body the tenth part of a mile in 
diameter. ^ 



ABCENT OF BODIES. 

136. Having now explained and illustrated the influence d 
gravity on bodies moving downward and horizontally, it remains 
to show how matter is influenced by the same power when 
bodies are thrown upward, or contrary to the force of gravity. 

134. Do all attracting bodies approach each other? Suppose the body falls toward 
the earth, is the earth set in motion by its attraction 7 Why is not the earth's inoti«a 
toward it perceptible 1 135. What distance would a body, the teiith part of a mile in 
Aameter, placed at the distance of a tenth part of a mile, attract the earth toward Itt 
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187. What has been stated in respect to the ve- "® ^ 
locitj of Mling bodies is reversed in respect to d 
those which are thrown upward, for as the motion 
of a falling body is increased by the action of gravi- 
ty, so it is retarded by the same force when pro- 
jected from the center of gravity. e 

A bullet shot upward, every instant loses a part 
of its velocity, until having arrived at the highest 
poinc from whence it was thrown, it then returns 
again to the earth. 

138. The same law that governs a descending 
body, governs an ascending one, only that their mo- 
tions are reversed. . I 

139. The same ratio is observed to whatever dis- 
tance the ball is propelled, for as the height to 
which it is thrown may be estimated from the space 
it passes through duricg the first second, so its re- 
turning velocity is in a Uke ratio to the height to 
which it was sent. 

140. This will be understood by Fiff. 12. ^ Sup- 
pose a ball to be propelled from Uie point a, with 
a force which would carry it to the point b in the 
first second, to c in the next, and to ^ in the third 
second. . It would then remain nearly stationary for 
an instant, and in returning would pass through the 
same spaces in the same time, only that its direc- 
tion would be reversed. Thus, it will fall from d 
to c in the first second; to 6 in tiie next, and to a in 
the third. 

141. Now the momentum of a moving body is as o 
its velocity and its quantity of matter, and hence 

the same ball will fall with the same force that it rises. For in- 
stance, a ball shot out of a rifle, with force sufficient to overcome 
a certain impediment, on returning would again overcome the 
same impediment. 

142. It has been doubted, even by good authority, whether 
the principle above enundated is true---that is, whether a rising 
and a filing body observe the same law of motion, only, that 
they are reversed. On this point we quote Dr. Lardner, who, 
perhaps, is not inferior to any other authority. 

137. What effect does the force of gravity have on bodies moving upwardjf 138. Are 
opward and downward motion governed by the same laws ? 140. Explain Fig. 12 
What is the difference between the upward and returning velocity of the same body 1 
141. What is said of the returning force of a rifle-ball 1 142. What doubts liave b«en 
expressed on this subj ect 1 ^ ^ 
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*• i43. All the 'drcumstances attending the accelerated de- 
' scent of felling bodies, are exhibited in a reversed order when a 
body is projected upward. 

" Thus, if a body be projected vertically upward, with the ve- 
locity which it would acquire in falling freely during one second, 
the body so projected will rise exactly to the height from which 
it would have' fallen in one second, and at that point of its as- 
cent, it will have the velocity which it would have at the same 
point, if it had descended." — Hand Book of Natural PhilosO' 
jpAy, (London, 1851,) p. 116. 

144. It has been estimated that a leaden ball (122) falling 
from a sufficient height, would acquire a much greater forcje 
than if shot from a rifle. 

It is understood that these estimates refer only to dense bullets, 
as those of lead, or other metals, on which the atmosphere has 
the least resistance. 

145. It is stated that attempts have been made to test this 
principle by shooting rifle-balls vertically, and observing with 
what force they descended, by the depth they penetrated wood- 
en impediments. 

But this would hardly be within the art of gunnery, unless 
the mark erected for the returning ball should be more exten* 
sive than experimenters would be willing to construct. 

MOTION ON INCLINED PLANES. 

146. Bodies falling down inclined planes follow the same 
laws of motion as those falling freely ^ only that their velocities 
are diminished in proportion cw the planes are more or less in- 
dined. 

147. This is illustrated by Fig, 13, where let h be an inclined 
plane, and A, G, the vertical line of the same length, the letters 
on each marking the points to which the falling body is sup- 
posed to reach in 1, 2, 3, 4, and 5 seconds. Now suppose two 
balls to be dismissed at the same instant from A, the one frdl- 
mg freely, and the other along the plane. Then, to find the 
difference in their velocities, draw perpendicular Hues from the 
points, 1, 2, 3, 4, and 5, along the inclined plane, and extend these 
lines to B, C, D, E, F, G, of the vertical line, and these points 
will respectively mark the difference in their velocities. Thus, at 
iJH^ end of the first second, one of the balls will arrive at B, and 

143. What is the quotation from Dr. Lardner? 144. What estimates have been 
made with respect to the fall of a rifle-ball 1 145. What is said of the experiment of 
■hootio; rifle-balls vertically 7 146. What are the laws of motion down inclined 
Dluiesl 147. fixpUun Fig. 13. 
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fyui on Imelined Plane. 



r at 6, and so in these propor- 
il they fall to the earth. 
It will therefore be observed, 
ongh the ball which falls down 
B IS retarded in its motion by 
till it follows the same law as the 
iih being uniformly accelerated 
descent by the force of gravity. 



FALL or UailT BODIES. 

It has been stated that the 

attraction acts equally on all 

ontaining equal quantities of 

and that in vaaio, all InxIieSj 

large or small, descend from the 

ights in the same time, (125.) 

I is, however, a great differ- 

llie quantities of matter which 

of the same bulk contain, and 

lently a difference in the resist- 

lich they meet with in passing 

I the air. 
Now, the fall of a body containing a large quantity of 

in a small bulk, meets with little comparative resistance, 
he fall of another, containing the same quantity of mat- 
t of larger size, meets with more in comparison, for two 

of the same size, meet with exactly the same resistance. 

f we let fall a ball of lead, and another of cork, of two 

in diameter each, the lead will roach the ground before 

'k, because, though meeting with the same resistance, the 

ss the greatest power of overcoming it. 

. This, however, does not affect the truth of the general 

tready established, that the weights of bodies are as the 

Itie^ of matter they contain. It only shows that the pres- 

f the atmosphere prevents bulky and porous substances 

ailing with the same velocity as those which are compact 

ise. 

5. Were the atmosphere removed, all bodies, whether light 
ivy, large or small, would descend with the same velocity. , 
las been ascertained by experiment in the following manner : 

99hat does the explanation of the fiirure prove 1 149. What is said of the &n 
is ? 150. Why will not a sack of feathers and a stone of the same sise 00] 
I the air in the same time ? 151 . Does this affect the truth of the f*°f|^**Wi 
weights of bodies are as their quantitiei of matter 1 168. What woaui i>t th« 
Q the fall of light and heavy bodies, were the atwosphere removed v 



The air-pump b an inatniment by 
means of nhich the air can be pumped 
out of a close vessel, as will be seen under 
the arliiJe Pneumatics. Taking this for 
granted at present, the experiment is made 
in the following manner : 

153. On the plate of the air-pump, A, 
place the tall jar, B, which is open at the 
bottom, and has a brass cover fitted close- 
■ ly to the top. Through the cover let a 
wire pass,' air-tight, having a small cross 
at the lower end. On each side of this 
cross place a little stage, and so contrive 
them that by turning the wire by the 
handle, C, tliese stages shall be upset. On 
ODe of the stages place a guinea or piece 
of lead, and on the other place a feather. 
When this is arranged, let tbe air be ex- 
hausted from the jar by the pump, and 
tJhen turn the handle, C, so that the guinea 
and feather may fall from their places, and 
it will be foundthat they will both strike 
the plate at the same instant Thus is it 
demonstrated, that were it iiot for the re- 
sistance of the atmosphere, a bag of feathers and one (rf 
guineas would fall from a given height with the same velocity 
and in the same time. 




CHAPTER III. 

MOTION, 

154. Motion may be defined, a continaed change of place, 
with regard to a fixed point. 

155. Without motion there would be no rising nor setting 
of the sun — no change of seasons — no fall of rain — no building 
of houses, and finally no animal life. Nothing can be done 
without motion, and therefore without it, the whole universe 
would be at rest and dea4- 
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ji the langoase of phflofiophy, the power which puts 
I motion ib cdled /bree. Thus, it is the force of gra\i- 
rercomes tiie inertia of bodies, and draws them toward 
u The force of water and steam gives motion to ma- 
Sec. 

For the sake of convenience, and accuracy in the use of 
otion is divided into two kinds, viz. ahiolute and relatii*e, 
j^bsolute motion is a change of place with regard to a 
nt, and is estimated without reference to the motion of 
T body. When a man rides along the street, or wh<;n 
ails through the water, they are IxAh in absolute motion. 
Elelative motion is a change of ])lacc in a body, with 
o another body, also in mention, and is estimated from 
er bjdy exactly as aljsolute motion is from a fixed point. 
Vie absolute velocity of die eaKh in its orbit from west 
b 68,000 miles in an hour ; that of Mars, in the same 
I, is 55,000 miles per hour. Tlie earth's relative ve- 
il this ca.se, is 13,000 miles per hour from west to east 
Mars. cc>mparativ(»ly, is 13,000 miles from east to west, 
tlie eartli leaves Mars that distance behind her, as she 
eave a fixed point. 

Mestj in the common meaning of the term, is the o|)- 

i motion, but it is obvious that rest is often a relative 

nee an object may be perfectly at rest with resiKJct to 

lings, and in rapid motion in respect to otliers. 

Thus, a man sitting on tlie deck of a steamboat, may 

,t the rate of fifteen miles per hour, with respect to the 

nd still be at rest with respect to the boat. And so, if 

r man was running on the deck of the same boat at the 

: fifteen miles the hour in a contrary direction, he would 

ionary in respect to a fixed point, and still bo running 

tl his might, with respect to the boat. 

VELOCITY OF MOTION. 

!, Velocity is the rate of motion at which a body moves 
one place to another. 

ocity is independent of the weight or magnitude of the 
ig body. Thus, a cannon-ball and a musket-ball, both 
"at the rate of a thousand feet in a second, have the samo 
ties. 

¥hat is that power called which puts a bo«1y in motion 1 157. How is motion 
? 158. What is absolute motion 1 159. What is relative motion 1 160. What 
urth's relative velocity in respect to Mars ? 161. What is rest 1 162. In what 
is a man in a steamboat at rest, and in what respect does he movel 
lat is velocity 1 



as 
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164. Velocity is said to be uniform^ when the moving body 
passes over equal spaces in equal times. If a steamboat moves 
at the rate of ten miles every hour, her velocity is uniform. The 
revolution of the earth from west to east is a perpetual exam- 
ple of uniform motion. 

165. Velocity is accelerated^ when the rate of motion is in- 
creased, and the moving body passes through unequal spaces in 
equal times. Thus, when a falling body moves sixteen feet 
during the first second, and forty-eight feet during the next 
second, and so on, its velocity is accelerated. A body falling 
from a height freely through the air, is the most perfect exam- 
ple of this kind of velocity. 

166. Retarded velocity^ is when the rate of motion of the 
body is constantly decreased, and it is made to mo^ slower 
and slower. A ball thrown upward into the air, has us veloci- 
ty constantly retarded by the attraction of graWtation, and con- 
sequently, it moves slower every moment. (137.) 



VELOCITIES OF CERTAIN UOYINO BODIES. 






167. Objects moving : — 

Man walking, . . . 

Horse trotting, . . . 
Swiftest race-horse, . . 
Railway train, (English) 

(American) 

(Belgian) 

(French) 

(German) 
Swift English steamers, 
American steamers on the Hudson 
Fast sailing vessels. 
Current of slow rivers, 
" of rapid rivers, 
Moderate wind, 
A storm, with wind, 
A hurricane, in hot climates, 
Air rushing into a vacuum. 
Common musket-ball, 
A rifle -baU, 
A 24-lb. cannon-ball, 
A bullet from an air-gun, 
Sound, heat at 32^, 
" do at 60°, 
Earth^s velocity round the sun, 

diurnal motion at equator. 



(( 



Miles per 


Feet per 


hour. 


second. 


3 . . 


4i 


7 . . 


lOJ 


60 . . 


88 


32 . . 


47 


18 . . 


26 


25 . . 


36 


27 . , 


40 


24 . . 


35 


14 . . 


20 


18 . . 


26 


10 . . 


14 


3 . , 


4* 


7 . . 


10 


7 . . 


10 


36 . 


52 


80 . . 


117 


884 . . 


. 1296 


850 . 


. 1246 


1000 . . 


. 1466 


1600 . . 


. 2346 


466 . 


683 


748 . 


. 1090 


762 . . 


. 1118 


67,374 . 


.98,815 


1037 . , 


1520 



164. When is velocity nniform ? 165. When ig velocity accelerated ? Give iUu*. 
trations of these two kinds of velocity. 166. What is meant by retarded velocity I 
Qive an example of retarded velocitv 
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168. The above, from Lardner's Mechanics, may be useful for 
occasional reference. We have omitted the fractional parts with 
respect to the seconds, as being difficult to remember, and 
useless for the present purpose. In regard to American loco- 
motive speed, it is at the present time probably nearly one-third 
U)o small. The comparative velocities of balls from fire-arms 
differ from those given by some other authorities, but on this 
subject we have made no experiments. 

FORCE, OR MOMENTUM OF MOVING BODIES. 

169. 7^ velocities of bodies are equal, when they pass over 
equal spaces in tlie same times ; hut the force with which bodies^ 
moving at the sam^ rate, overcome impediments^ is in propor- 
tion to the quantity of matter they contain. This power, or 
force, is called the nuymentum of the moving body. 

170. Thus, if two bodies of the same weight move with the 
same velocity, their momenta will be equal. 

171. Two vessels, each of a hundred tons, sailing at the rate 
of six miles an hour, would overcome the same impediments or 
be stopped by the same obstructions. Their momenta would 
therefore be the same. 

The force or momentum of a moving body, is in proportion 
to its quantity of matter, and its velocity. 

172. A large body moving slowly, may have less momenta 
than a small one moving rapidly. Thus, a bullet shot out of a 
gun, moves with much greater force than a stone thrown- by the 
band. 

173. The momentum of a body is found by multiplying its 
quantity of meatier by its velocity per second. Thus, if the 
velocity be 2, and the weight 2, the momentum will be 4. If 
the velocity be 6, and the weight of the body 4, the momentum 
will be 24. . 

174. K a moving body strikes an impediment, the force with 
which it strikes, and the resistance of the impediment, are equal. 
Thus, if a boy throw his ball against tiie side of the house, with 
the force of 3, the house resists it with an equal force, and the 
ball rebounds. If he throws it against a pane of glass with the 
same force, the glass having only t£e power of 2 to resist, the ball 
will go through the glass, still retaining one-third of its force. 

168. Wliat is nid of the speed of our locomotives 1 169. What Is meant by tb« 
■omentum of a body 1 170. When will the momentum of two bodies be equal 1 
171. OiTe an example. 172. When has a small body a greater momentum than a 
krgt one 1 173 By what rule is the momentum of a body found 1 174. When a 
■wring body strikes an impediment, which receives the greatest shock 1 



1T6. FiLB Driver. — This machine consists of a frame and 
pnlley, by which a lai^ piece of cnst iron, called the hamntr, 
IS raised to the height of 90 or 40 feet, and then let fall on tlia 
end of abeam of wood called a pile, and by which it is drivoi 
into the ground. When the hammer b l^ge, and the height 
considerable, the force, or momentum, is tremendous, and onleM 
ths pile is hooped with iroB, will split it into fragments. 

176. Now the momentum of a body being in proportion to 
its weight and velocity conjointly, to find it, we must multiply 
their two sums together. 

Suppose then the hammer, weighing 2000 pounds, is ek- 
vated two seconds of time above the nead of the pile, then, 
according to the law of falling bodies, (110,) it would fall 64 feet, 
this beiiig the rate of ite veioeity. Then 64 X 2000, being tb 
velocity and quantity of matter, pves 64 tons as the idohmd- 
turn. But according to the same law, this force is immeosdr 
increased by a small increase of time, for if we add two secona 
of time, the rate of velocity at the instant of striking would ba 
2a6 feet per second, and thus 256 X 2000=612,000 pounds, or 
266 tons. 

177. Action and Reaction 
iQtTAL. — From observations 
made on the effects of bodies 
atriking each other, it is/ound 
thai actirm and reaction are 
equal ; or, in other words, that 
force and resistance are equal. 
Thus, when a moving body 
itrikes one that is at rest, the 
body at rest returns the blow 
with equal force. ,, . 

This is illustrated by the 
well-known fact, that if two 
persons strike their heads to- 
gether, one being in motJon, 
and the other at rest, they are 
both equally hurt 

178. The philosophy of ac- 
tion and reaction is finely illustrated by a number of ivon 
balls, suspended by threads, as in Fig. 19, so as to touch eacD 
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other. If the ball a be drawn from the perpendicular, and then 
let M\j so as to strike the one next to it, the motion of the falling 
ball will be communicated through the whole series, from one to 
the other. ' None of the balls except /, will, however, appear to 
move. This will be understood, when we consider that the reac- 
tion of 6 is just equal to the action of a, and that each of the 
other balls, in like manner, act, and react, on the other, until 
the motion of a arrives at /, which, having no impediment, or 
nothing to act upon, is itself put in motion. It is therefore, 
reaction, which causes all the balls, except/, to remain at rest. 

180. It is by a modification of the same principle, that rock- 
ets are impelled through the air. The stream of expanded air, 
or the fire, which is emitted from the lower end of the rocket, 
not onlj pushes against the rocket itself, but against the atmos- 
pheric air, which, reacting against the air so expanded, sends 
the rocket along. 

181. It was on account of not understanding the principles 
of action and reaction, that the man undertook to make a fair 
wind for his pleasure-boat, to be used whenever he wished to 
sail. He fixed an immense bellows in the stem of his boat, not 
doubting that the wind from it would carry him along. But 
on making the experiment, he found that his boat went back- 
ward instead of forward. The reason is plain. The reaction 
of the atmosphere on the stream of wind from the bellows, 
before it reached the sail, moved the boat in a contrary direction. 

182. Had the sail received the whole force of the wind from 
the bellows, the boat would not have moved at all, for then, 
action and reaction would have been exactly equal, and it would 
have been like a man's attempting to raise himself over a fence 
by the straps of his boots. 

REFLECTED MOTION. 

183. It has been stated (27) that all bodies when once set in 
motion^ would continue to move straight' forwardy until some 
impediment, acting in a contrary direction, should bring them 
to rest ; continued motion without impediment being a conse- 
quence of the inertia of matter, 

184. Such bodies are supposed to be acted upon by a single 
force, and that in the direction of the line in which they move, 

179. When one of the ivory balls strikes the other, why does the most distant one only 
moTel 180. On what principle are rockets impelled through the airl 181. In the 
experiment with the boat and bellows, why did the boat move backward 1 182. 
Why would it not have moved at all had XlSk sail received all the wind from the bei> 
lows? 183. What is said of the continuity of motion 1 



42 KBITLBOTED MOTION. 

Thus, a ball sent out of a gun, or struck by a bat, turns neither 
to the right nor left, but makes a curve toward the earth, in 
consequence of another force, which is the attraction of gravita* 
lion, and by which, together with the resistance of the atmos- 
phere, it is finally brought to the ground. 

The kind of motion now to be considered, is that which k 
produced when bodies are turned out of a straight line by soine 
force, independent of gravity. 

A single force, or impulse, sends the body directly forward, 
but another force, not exactly coinciding with this, will give it 
a new direction, and bend it out of its former course. 
. 185. K, for instance, two moving bodies strike each other 
obliquely, they will both be thrown out of the line of their ht' 
mer direction. This is called reflected motion, because it 
observes the same laws as reflected light 

186. The bounding of a ball; the skipping of a stone over 
the smooth surface of a pond ; and the oblique direction of an 
apple, when it touches a limb in its fall, are examples of reflected 
motion. 

By experiments on this kind of motion, it is found that mof- 
ing bodies observe certain laws, in respect to the direction thqr 
take in rebounding from any impediment they happen to strike. 

187. Thus, a ball, striking on the floor, or wall of a room, 
makes the same angle in leaving the point where it strikes, that 
it does in approaching it. 

188. Suppose a, 6, Fio. 16. 
Fig. 16, to be a mar- 
ble floor, and c, to be 
an ivory ball, which 
has been thrown to- 
ward the floor in the 

direction of th# line Reflected Motion. 

c e ; it will rebound 

in the direction of the line e d, thus making the two an^es/ 

and g exactly equal. 

189. If the ball approaches the floor under a larger ci 
smaller angle, its rebound will observe the same rule. Tha% 
if it fell in the line A A:, Fig, 1*7, its rebound would be in the liaa 



184. Suppose a body is arted oq, and set in motion by a single force, in what dfree> 
tion will It move t 185. What is the motion called, wheo a body is turned out of a 
straight line by another force 1 186. What illustrations can you give of refl^fllci 
motion 1 What laws are observed in reflected motion 1 187. Suppose a ball to fel 
thrown on the floor in a certain direction, what rule will it observe in rebounfflHl 
I8p. Explain Fig 18. 
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k t, and if it was drop- 
ped perpendicularly 
from I to ky it would 
return in the same line 
to L The angle which 
the ball makes with 
the perpendicular line, 
I k, in its approach to 
the floor, is called the 
ahffle ofincidenc€j and 
that which it makes 
in departing from the 
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Equal Angles. 



floor with the same line, is called the angle of refiection, and 
these angles are always equal. 



COMPOUND MOTION. 

190. Compound motion is that which is produced by two w 
more forces^ acting in different directions, on the same hody^ at 
the same tim£. This will be readily understood by a diagram. 

191. Suppose the ball 

a, Mg. 18, to be moving ^^^- ^^ 

with a certain velocity in 
the line b c, and suppose 
that at the instant when it 
came to the point a, it 
should be struck with an 
equal force in the direction 
of d e, then, as it can not 
obey the direction of both 
these forces, it will take a 
course between them, and 
fly off in the direction of/. 
The reason of this 
is plain. The first force 
would carry the ball from 
6 to c ; the second would carry it from d U> e ; and these two 
forces being equal, gives it a direction just half way between the 
two, and therefore it is sent toward /. 

The line a /, is called the diagonal of the square, and 

189. What is the aDfle called, which the hall maices in apnroaehinff the floor 1 
What is the angle called, which it makes in leaving the floor 1 what is the difTerence 
between these angles 1 190. What is compound motion ? 191. Suppose a ball, mov 
log with a certain force, to be struck crosswise with the same force, in what direo> 
lion will it move 1 
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DiagOTuU Motion. 



results from the cross forces, h and (f, being equal to each oth^. 
K one of the moving forces is greater than the other, then the 
diagonal line will be lengthened in the direction of the greats 
force, and instead of being the diagonal of a square, it wiD 
become that of a parallelogram. 

192. Suppose the force 

in the direction of a 6, ^®- ^^ 

should drive the ball with 
twice the velocity of the 
cross force c rf. Fig. 19, 
then the ball would go 
twice as far from the line 
c (f , as from the line h a, 
and c/ would be the diag- 
onal of a parallelogram 
whose length is double its 
breadth. 

193. Suppose a boat, in 

crossing a river, is rowed forward at the rate of four miles an 
hour, and the current of the river is at the same rate, then the 
two cross forces will be equal, and the hue of the boat will be 
the diagonal of a square, as in Fig. 18. But if the current be 
four miles an hour, and the progress of the boat forward only 
two miles an hour, then the boat will go down stream twice ae 
fast as she goes across the nver, and her path will be the diago- 
nal of a parallelogram, as in Fig. 19, and therefore, to make the 
boat pass directly across the stream, it must be rowed toward 
some point higher up the river than the landing-place ; a &cl 
well known to boatmen. 

194. Circus Rider. — Those who have seen feats of horse- 
manship at the circus, are often surprised that when the man 
leaps directly upward, the horse does not pass from under him, 
and that in descending he does not fall behind the animd» 
But it should be considered that, on leaving the saddle, the 
body of the rider has the same velocity as that of the hoiae; 
nor does his leaving the horse by jumping upward, in anj 
degree diminish his velocity in the same direction ; his raotidn 
being continued by the impulse he had gained from the animal 
In this case, the body of the man describes the diagonal of a 
parallelogram, one side of which is in the direction of the horsed 

192. Suppose it to be stmck with twice its former force, in what direction wlBII 
move 1 What is the line af Fig. 18, called 1 What is the line e/, Fig. 19, ciMl 
now are these figures illustrated 1 Explain Figs. 18 and 19. 193. Explain thenotlMiil 
the boat 1 Why does the leaping circus rider form the diagonal of a parallelognal 
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od the other perpendicaUrly upward, in tho directioa 
he makes the leapl 
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liis will be 

iDderstood 

20, where 

forces are 
L Had 
retnajaed 

horse, he 

>Te reached 

t, where he 

n after the 

T the iron 

ir which the animal passes. This force the rider giLins 

: horse. The diagoD&l force is the result of his own 

' exertion, and by which he raises himself above the 

j«twnine in his leap the velodty of the horae, and tbiu 

Jie saddle, as though he had not left it 

Kiljon of Uie rider is through the seclioD of a sphere, as 

f the figure, where the horse and rider are shown before 

r the leap. 




Circular motion is that of a body in a rinp, or eirele, 
rrodated by tht action of two foreea. By ont of these 
the moving body lends to ft/ off in a itraight line, while 
Tlher it is drawn toward the center, and thus it is made 
IK, or move round in a circle. 

The force by which a body tends to go off in a straight 
Oalled the eentrifuffal far<x ; that which keeps it frum 
tway, and draws it toward the center, is called the cen- 

Bodies movine in circles are constantly acted upon by 
two forces. If the centrifugal force should cease, ttie 
{ body would no longer perform a circle, but would 
eh the center of its own motion. If the centripetal force 
cease, the body would instantly begin ta move off in a 
t line, this being, as we have explained, the direction 
all bodies take when acted on by a single force. 



iplain Fi(. so. utd ihoK . 



fo«i? f»' 



46 



OXKOULAR MOTION. 



no. 21 




Centrifugal FTaree. 



199. Suppose a cannon-ball, 
Mff, 21, tied with a string to 
the center of a slab of smooth 
marble, and suppose an at- 
tempt be made to push this 
ball with the hand in the di- 
rection of b ; it is obvious that 
the string would prevent its 
going to tibat point ; but would 
keep it in the circle. In this 
case the string is the centripe- 
tal force. 

200. Now suppose the ball 
to be kept revolving with ra- 
pidity, its velocity and weight 
would cause its centrifugal 
force ; and if the string were cut, when the ball was at the 
point c, for instance, this force would carry it off in the line 
toward b. 

The greater the velocity with which a body moves round k 
a circle, the greater will be the force with which it would tend 
to fly oflf in a right line. 

Thus, when one wishes to sling a stone to the greatest dis- 
tance, he makes it whirl round with the greatest possible 
rapidity, before he lets it go. Before the invention of other 
warlike instruments, soldiers threw stones in this manner, with 
great force and dreadful effects. 

201. The line about which a body revolves, is called its axii 
of motion. The point round which it turns, or on which it 
rests, is called the center of motion. In Fi^. 21, the point d, to 
which the string is fixed, is the center of motion. In the spin 
ning-top, a line through the center of the handle to the poiDt 
on which it turns, is the axis of motion. 

In the revolution of a wheel, that part which is at the greatest 
distance from the axis of motion, has the greatest velocity, audi 
consequently, the greatest centrifugal force. 

202. Suppose the wheel, Fig, 22, to revolve a certain numbei 
of times in a minute, the velocity of the end of the arm at the 
point a, would be as much greater than its middle at the 
point &, as its distance is greater from the axis of motion, became 

199. What constitutes the centrifugal force of the body moving round in a oirdtt 
200. How Is this illustrated 1 201. ViThat is the axis of motion 1 What is tha i 
of motion 1 Give Illustrations 1 202. What part of a revolving wlieel Has ttia i 
Mt centrlAigal force ? 
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Rttolving WketL 



in a larger circle, and ^^' 

Qtlj the centrifugal 

he rim c, would, in like 

be as its distance from 

!r of motion. 

Large wheels, which are 

to turn with great ve- 
ust, therefore, be made 
>rre8ponding strength, 
e the centrifugal force 
x>me the cohesive attrac- 
the strength of the fast- 
in which case the wheel 
in pieces. This some- 
appens to the large grindstones used in gun ficictones, 
stone either flies away piecemeal, or breaks in the mid- 
he great danger of Uie workmen. 
Were the diurnal velocity of the earth about seventeec 
"eater than it is, those parts at the greatest distance from 
would begin to fly off in straight lines, as the water does 
g^dstone when it is turned rapidly. 

CENTER or GRAvrrr. / 

The center of gravity , in any body or eyetem of bodies^ 
point upon which the body, or system of bodies, acted 

fdy by gravity, ufill balance itself in all positions. 

. The center of gravity, in a 

made entirely of wood, and of 

thickness, would be exactly in 

ter of motion. But if one side 

wheel were made of iron, and 

her part of wood, its center of 

f would be changed to soma 

aside from the center of the 
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r. Thus, the center of gravity 
) wooden wheel, Fig. 23, is at 
ds on which it turns ; but were 
m a, of iron, its center of mo- 




Center ^ Oravity. 



Vhw must large wheels, turning with great velocity, be strongly made 1 204. 
'ould be the consequence, were the velocity of the earth seventeen times 
than it is 1 206. Where is the center of gravity in a bodyl 206 Where is 
«r of gravity in a wheel made of wood 1 If one side is made of wood, and the 
r Iron, where is the center I 207. Is the center of motion and of gravity 
the samel 



J 
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tion and of gravity would no longer be the same, but while the 
center of motion remained as before, the center of gi'avity would 
fall to the point a. Thus the center of motion and of gravity, 
though often at the same point, are not always so. 

"When a body is shaped irregularly, or there are two or m<»e 
bodies connected, the center of gravity is the point on which 
■fchev will balance without falling. 



FIG. 21 






FIG. 25. 




208. If the two balls A and B, Fig, 24, weigh each four 
pounds, the center of gravity will be a point on the bar equally 
distant from each. 

But if one of the balls be heavier than the other, then the 
center of gravity will, in proportion, approach the larger ball 
Thus, in Pip. 25, if C weighs two pounds, and D eight pounds, 
this center will be four times the distance from that it is 
from D. 

209. In a body of equal thickness, as a board, or a slab of 
marble, but otherwise of an irregular shape, the center of gravitj 
may be found by suspending it, first from one point, and theo 
from another, and marking, by means of a phimb-line, the per- 
pendicular ranges from the point of suspension, llie center of 
gravity will be the point where these two hues cross each othfir. 



FIG. 26. 



FIG. 27. 



HG. 28. 






Finding the Center of Gravity. 



Thus, if the irregular shaped piece of board, I^ig, 26, be sus- 
pended by making a hole through it at the point A, and at the 



S08. When two bodies are connected, as bv a bar between them, where is ^tae < 
ter of gravity 7 209. In a board of trregalar shape, by what method is the center of 
gravity found 1 
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int suspending the plumb-line C, both board and line 
ff in the position represented in the figure. Having 
Uiis line across the board, let it be 8us])euded again in 
ion of Fig, 27, and the peq^endicular line again marked, 
it where these lines croits, is the center of gravitr, as 
Fig, 28. 

Importance of the subject. — It is often of great coii«;o- 
in the concerns of life, that the subject of gravity sIiouM 
considered, since the strength of buildings, and of iiia- 
often depends cliiefly on the gravitating point 
Qon experience teacheA^ that a tall object, with a iiur- 
6, or foundation, is easily overturned ; but common 
ce does not teach the reason, for it is only by uudi*r- 
\ principles, that practice improves experiment. 
An upright object will fall to the ground, when it leans 
I that a perpendicular line from its center of gravity falls 
its base. A tall chimney, therefore, with a narrow 
ion, such as are commonly built at the present day, will 
L a very slight inclination. 

Now, in falling, the center of gravity passes through 
^ of a circle, the center of which is at the extremity of 
B on which the body stands. Tliis will be comprehended 
, 29. 

ose the figure 

block of mar- 

lich is to be 

ovtjr, by lift- 

the corner A, 

mer B would 

benter of its 

, or the point 

ch it would turn. The center of gravity, C, would, there- 
ascribe the part of a circle, of which the comer, B, is the 

. It will be found that the greatest difficulty in turning 

square block of marble, is in first raising up the center 

(dty, for the resistance will constantly become less, in pro- 

n as the point approaches a perpendicular line over the 

B, which, having passed, it will fell by its own gravity. 



FIG. 29. 
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Nffy is finding the center of grayity of importance 1 211. In what direction 
e center of gravity be from tbe outside of the baWf before the object will talll 
fiiUing, the center of gravity passes through part of a circle ; where is the ceo. 
lis circle 1 213. In turning over a body why does the force required con 
bf>come less and less 1 

3 



The difficulty in turning over a bod/ of particular form, will 
be mora strikingly illustfated by the figure of a triangle, or low 
^nunid. . 

214. In Fig. 30, the center of gravity is so low, and tie base 
■o broad, that in turning it over, a great proportion of its whole 
•weight must be rMsed, Hence we see the firmneaaof the pyra- 
mid in theory, aiid experience proves ita truth ; for buildings are 
found to'witnstand the effepts of time, and the commoUons of 
earthquakes, in proportion as they approach this figore. 

The most andent qionunients of the art of building, now 
atanding, the pyramids of %ypt, are of this form. 

216. ifovemmt of a Ball. — When a ball ia rolled on a hori- 
soDtal plane, the center of gravity is not rused, but moves in a 
■tiiugbt line, parallel to the sur&oe of the plane on which it 
rolls, and is consequently always directly .over ita center of 
motion. 

216. Suppose, Fig. 31, A is the ne 3i. 

plane on which the ball moves, B 
the line on which the center of grav- 
ity moves, and C a plamb-line, low- 
ing that the center of gravity must 
always be over the center of motion, 
when the ball moves on a horizontal 
plane — then we shall see tbe reason 
why a ball moving on such a plane, 
will rest with equal firmness in any 

C'lJoa, and why so little force is required to set it in raolioo. 
in no other flgure docs the center of gravity describe > 
horizontal line over that of motion,' in whatever direction tiw 
bodv is moved. 

' 217. If the plane is inclined downward, the ball is instanllj 
thrown into motion, because the center of gravity tlien falls for- 
ward of that of motion, or the point on which the ball rests. 

218. This is explained by Fig. 32, where-A is the point on 
which the ball rests, or (ho center of motion, B the perpendicular 
line from the center of gravity, as shown by the plumb-weight C. 

219. If the plane is inclined upward, force is required to 
mpve tbe ball in that direction, because the center of gravity 

314. Why IB IhFCG Ifh force rFquirPd lo nvtnnrn a cube, or maart. Ihan ■ rijn 
n'd ofltlF Hme »el|[NI I 2LS si^heil 9 btllla mllerl nn b hnrizomir plane. In wlul 

fcrwl 'lil7° li^Vp\l^ i^Mlincirudwnwsrd'.TihydoeB liletoU roll iii'ltail din» 
Uao I 21S. Eiplolu Pif. JO. SI9. WI17 it Ibrei nquired lo movi 1 h>)l up u to- 
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then fells behind that of motdoD, and 
therefore this point has to be' coaBtantlf 
lifted. This is also shown by Fig. 32, 
only considering the ball to be movio^ 
up the inclined plane, iimtead of down it. 

From these principles, it will be read- 
'\j understood why bo raudi force is. 
required to roll a heavy body, as a 
hoi^head of sugar, for instance, up an 
inclined plane. The cepter of gravity 
fnlling behind that of ni^on, the weight , 
is constantly acting against the foice employed to raita the 
body. 

220. Jlluslration hy Blocha. — Oae of the beat illastrations erf 
this subject may be made by a numberof square blocks of wood, 

E laced on ea^ other, as in Fig. 33, forming a 
:aning tower. Whete five blocks are placed no. sa. 

in diis pwition, the point of gravity is near the 
center of tbe third block, and is within the 
base, ae shown by the plumb-line. But on . 
adding another block, the gravitating point 
falls beyond tbe base, and tbe whole will now 
Jail by its own weight 

321. The student having such blocks, (and 
they may be picked up about any joiner's 
shop,) wiU convinco himself that however care- 
fully His leaning tower is laid up, it will not 
stand when the center of gravity falls an inch 
or two beyond the support 

222. We jnay learn, from these compari- 
Bona, that it is mgre dangerous to ride i 
high carriage than a low one, in proportion to 
tbe elevation of the vehicle, and the nearness 
of the wheels to each other, or in proportion to 
of the base, and the height of the center of gravity. A load of 
bay. Fig. 34, npsets where one wheel rises but httle above the 
otbier, because ^ is broader on the top dian the distance of tba 
wheels from each other; while a l<»d of stone is vety rarely 
In^ed over, because the center of gravity is near tbe e^uih, and 
iCti weight between the ■ftheels, instead of being far above them. 

brJi ■ bodT, ilbiKd like n(,33, aiilrtbninD dawnl Hence, In ildiof 
H|e.ha<. lithe dWr of upKlIititproporKDriEdl Bipliln Fig. 33. 3^ 

' Willi louloChif upiel more r»dil}> Ihiinsnt ofKODil 
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233. Center of gravity m tnan.^— 
In ni(tii the center of gravity is be- 
tween the hipB, and hence, were his 
feet tied together, and his arms tied 
to his udes, a very slight inclination 
of his body would carry the perpen- 
dicular of his center of gravity be- 
yond the base, and he would Snjl. 
But when his limbs are free to move, 
he vridens his base, and changes this 
center at pleasure, by throwing out 
his anus, as cireumsliinces require. 

When a man runs, he inclines for- ' 
ward, so that the center of gravity 
■ may hang before his base, and in 
&>a position he is obliged to keep his feet constantly advancing, 
otherwise he would fall forward. 

A man standing on one foot, can not throw his body forward 
without, at the same time, throwing his other foot backward, in 
order to keep the center of granty within Jhe base. 

224. A man, tlierefore, standing with his heels against a per- 
pendicular wall, can not stoop forward without falling, becaase 
the wall prevents his throwing any part of his body backward. 
A person, little versed in sucK things, agreed to pay a certain 
warn of money for an opportunity of possessing himself of double 
the sum, by taking it from the floor with his heels against the 
wall. The man, of course, lost his money, for in such a posture, 
one can hardly reach lower than his own knee. 

225. The base on which a man is supported, in walking or 
standing, is his feet, and the space between them. By turning 
the toes out, this base is mad4 broader, without taking mu<£ 
from its length, and hence persons who turn their toes dotward, 
not only walk more firmly, but more gracefully, than thoSb who 
torn them inward. ~ ' 

22S. In consequence of the upright position of man, m >* 
constantly obliged to employ some exertion to keep his balaBoe. 
This seems to be the reason why children learn lo walk witif w 
much difficulty ; for afler they have strength to stand, it V^ 
qnires 'considerable experience so to balance the body as to M 
one foot before the other without falling. - " 
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32?. 'By azperience in the art of bJaodng, or of keeping tfas 
ixtrter of gravity in a line over the base, men wmetimee perform 
things that, at first eight, appear altogether beyood humvi 
power, sudi as dining with the table and chair staoding on ft 
single rope, dancing on a wire, 4k. 

228. JUustration by Trees. — No form, under which matter 
exists, escapes the general law of gravity, and hence vegetablea, 
as well as animals, are formed with reference to the poaition of 
this center, in reepect to the base. 

It is interesting, in reference to this drcumstance, to obeerre 
bow exactly the tall trees of the foreat conform U) this law. 

The pine, wiiich grows a hundred feet high, ahoota up witli 
as much exactness, with respect to keeping its center of gravitf 
within the base, as though it had been directed by the pluml>- 
line of a master builder. Its limbs toward the top are sent off 
in conformity to the same law ; each one growing in respect to 
the other, so as to preserve a due balance between the wbole. 

229. Shephbrdb of Landes. — Men, as already noticed, by 
practice in the art of balancing, 
perform feata which are won- 
deritil to all beholders. The 
ehepberds of Landea, in the 
south of France, are perhaps 
the only people who apply this 
art lo the common business of 
life. These men walk on stiha 
from four to five feet high ; and 
their children, when quite 
young, who are intended to 
take t^e places of their fathers 
as shepherds, are taught this 
art in order to qualify them for 



To strangers, passing their 
district, these men cut a figure 
at once ludicrous and surpris- 
ing. Fiff. 36. But it is for 

' their own convenience that this 



ed, for by this means the feet 
are kept out m the water which 
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corers their land in the winter, and from the heated sand in the 
cummer. Besides these comforts, the sphere of vision over a 
flat country is materially increased by the elevation, so that the 
ahepherd can see his flock at a much greater distance than from 
the ground. 

By habit, it is saicT these men acquire the art -of balancing 
themselves so perfectly as to run, jump, and dance on these 
stilts with perfect ease. ' ThiBy walk with surprising quickness, 
soHhat footmen have to do their best to keep up with them. 

• CENTER OF INERTIA, OR INACTIVJTT. » 

230. It will he remembered that inertia (22) is one of the 
inherentj or essential properties of matter^ and that it is in, con- 
iegtience of this property, when bodies are at rest, that they never 
move vjithout the application of force, and when once in motion, 
that they never cease mxyving without some external catise, (27.) 

231. Now, inertia, though like gravity, it resides equally in 
every particle of matter, must have, like it, a center in each par- 
ticular body, and this center is the same with that, of gravity. 

232. In a bar of iron, six feet long and two inches square, 
this center is lust three feet from each end, or exactly in the 
middle. If, therefore, the bar is supported at this point, it will 
balance equally, and because there are equal weights on both 
ends, it will not fall. 

Now suppose a bar should be raised by raising up the center 
of gravity, then the inertia of all its parts would be overcome 
equally with that of the middle. The center of gi*avity is, 
therefore, the cei|^ of inertia. 

233. But, suppose ^^^ 
the same bar of iron, 
whose inertia was over- ^f^ ^ 

come by raising the BH ST" 

center, tp have balls of 

different weights at- Center ^ InerHa. 

tached to its ends; 

then the center of inertia would no longer remain in the nrrlddle 
of the bar, but would be changed to the point A, Fig, 30, so 
that, to Hft the whole, this point must be raised, instead of Uie 
middle, as before. 




930. 171 "hat effect does iDertia exert on bodies at rest 1 What effect does it hare on 
bodies in motion 1 231. Is the center of inertja, and that of gravity, the same 1 992 
Wbert istheeenter of inertia in a body, or a system of bodies? 233. Why la tUft >> 
point of inertia chanf ed, by fixing different weights «o the ends of the iron bar 1 
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234. When two forces counteract j or baianee 0aeh other^ ^mt 
are said to he in equilibrium, 

23a. It is not necessary for thiis purpose that the weiglilfl 
opposed to each other should be equally heavy, for we hami 
just seen that a small weight, placed at a distance from the 
center of inertin will balance a large one placed near it To 
produce equilibrium, it is only necessary tliat the w^hts on 
each side of the support should mutually counteract each othw^ 
or if set iimnotion, that their momenta should be equal. 

236. A pair of scales are in equilibrium when -the beam k 
in a horizontal position. 

To produce equilibrium in solid bodies^ therefore, it is onlp 
necessary to support the center of inertia, or gravity, 

237. If a body, or sev- 
eral bodies, connected, be* fie. V. 
suspended by a string, as 
in Fig. 37, the point of 
support is always in a per- 
pendicular line above the 
center of inertia. The 
plumb-line, D, cuts the bar . 
connecting the two balls at 
this point. Were the two 
weights in this figure equal, 
it is Qvident that the hook, EqwmbHwn. 

. or point of support, must 
be in the middle of the staing, to preseiVe*the horizontal 
position. 

238. When a man standi on his right foot, he keeps himefelf 
in equilibrium, by leaning to the right, so as to bring his center 
of gravity in a perpendicular line over the foot on which he 
stands. 

* CURVILINEAR, OR BENT MOTION. 

230. We have seen that a single force acting on a body, (183,) 
"^ drives it straight forward, and that two forces acting crosswise, 
drive it midway between the two, or give it a diagonal diree* 
tian, (IQO.'i 

234. What is meant by equilibrium 7 S3&. To produce equilibrium, mtut th« 
weights be equal ? 236. When ia a pair of scales in equi l.ibrium ? 237. When a bo^f 
is suinpended by a string, where must the support be with respect to the point of ill' 
•rtiaT 239. What is meant by currilhiear motion 1 
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Ourvilmear motion differs from Jboth these; the directioii of 
the body being neither straight forward nor diagonal, but through 
a line which is curved. 

This kind •f motion may be in any direction ; but when it ia 
produced in part by gravity, its direction is always toward the 
earth. 

239. A stream of water from an aperture in the side of a 
vessel, as it falls toward the ground, is an exadiplo of a curved 
line ; ^ild a body passing through such a line, is said to have 

.curvUiTiear motion. Any body projected forward, iis a cannon- 
ball, or rocket, falls to the earth in a curved line. • 

240. It i^the action of gravity acioss the course of the stream, 
or the path of the ball, that bonds it downward and makes it 
form a curve. The motion is, therefore, the result of two forces, 
that of projection, and that of gravity. 

241. In jets of water, the shape of the curve will depend od 
the velocity of the stream. When the pressure of the water is 
great, the stream, neai* the vessel, is nearly horizontal, because 
its velocity is in proportion to the pressure. When a ball first 
leaves the otnnon, it describes but a slight curve, because its 
projectile velocity is then greatest. 

242. The curves described by jets of water under different 
degrees of pressure, are readily illustrated by tapping a tall 
vessel in several places, one above the other. 

243. The action of gravity being always the same, the shape 
of the curve described must depend on the velocity of the mov- 
ing body ; but whether the projectile force be great or small, 
the moving body, if thrown horizontally, will reach the ground 
from the same height in the same time. 

This, at first thought, would seem improbable ; for, without 
consideration, most persons would assert, that, if two cannons 
were fired from the same spot at the same instant, and iji the same 
direction, one of the balls falling half a mile, and the other a 
mile distant, that the ball which went to the greatest distance 
would take the most time in performing its journey. • 

244. But it must be remembered, that the projectile force 
does not in the Ifeast interfere with the force of gravity. A ball 



239. What are examples of this kind of motion? 240. What two forces prodOM 
this motion 7 241. On what does the shape of the curve depend ? 242 Ifowarethi 
curves described by jets of water illustrated? 243 What difference is there in !» 
qsect to the time taken by a body to reach the ground, whetht-r the curve b«- great of 
amall ? 244. Why do bodies, forming different curves from the same height, retell 
tiM ffouucl at the same time ? Suppose two balls, one-flying at the rate of a thouMi^ 
•ud the other at the rate of a buudred feet per second, which would descend- wA' 
dnriog the second 7 '"" 



\ 



t ■ 



OUBVIUXXAR MOTIOV. 57 

horizontally, at tho rate of a thousand feet per second, is 
ted downward with precisely the same force as one flying 
I hundred feet per second, and must, therefoie, descend 
me distance in the Same time. 

». The distance to which a ball will ffo, depends on the 
di impulse given it the first instant, and, consequently, on 
>jectile velocity. If it moves slowly, the distance will be 
i if more rapidly, tho space passed over will be greater, 
ikes no difference tlien, in respect to the descent of tho 
vhether its projectile motion be fast or slow, or whether it 
I forward at all. 

\, Falling of Cannon Balls. — Tliis may be shown by ex- 
ent. Suppose a cannon ta be loaded with a ball, and 
1 on the top of a tower, at such a height from the ground, 
t would take just four seconds for the ball to descend from 
he ground, if let fiEdl perpendicularly. Now, suppose the 
n to be fired in an exact horizontal direction, and, at the 
instant, the ball to be dropped toward the ground. They 
K>th reach the ground at the same instant, provided its 
e be a horizontal plane from the foot of the tower to the 
where the projected ball strikes. 

'. Demonstration, — ^This is demonstrated by Fig, 88, where 
he cannon from which the ball is to be fired, a the ver- 
line of the descending ball, A, B, 1, a, the parallelogram 
gh which the ball passes during the first second, 
w the ball dropped in the vertical direction, will descend 
»t the first second, increasing its velocity according to the 
)f falling bodies already explained. Meantime ue pro- 
l ball passing through .the diagonal of the upper parallelo- 
, will arrive at 1, while the other falls to a. During the 
second the vertical ball will fall to 5, while the other, in 
quence of. its projectile force, will pass through the diago- 
f the parallelogram 6, 2, C, A. 

e same laws of descent being continued, it is obvious, that 
wo balls will reach ^, 4 at the same instant 
8. From these principles it may be inferred, that the hoi- 
ftl motion of a body through the air, does not interfere 
its gravitating motion toward the earth, and, therefore. 



Don it make any difference in respect to the deeeent of the ball, whether it 
yrojectile motion or not 1 246. Suppose, then, one bail be fired from a cannon, 
lOtheF let fall from the same heicht af the same instant, would they both reach 
)uudat the same time 1 247. Explain Fig. 38. showing the reason whv the 
iUa will reach the ground at the same time. Why does the ball apuronch th« 
nore rapidly in the last part of the curre than in the lint parti 248. WLat ia 
erance from thaoe principles t ^ 
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ir body projected borizontslly, «31 
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that & rifle-ball, or _ 

reach the ground in the same pertoci of time aa one that ia let 

fidl perpendicularlj from the same height. 

249. The two forces acting on bodies whicL fall throngb 
emred lines, are the same aa the ceutrifugal and centripetal 
forcea, already eipluned ; the centrifugal, m cage of tbe inm, 
being caused by the powder — the centripetal, being the aCtwa 
of grarity, (199.) 

250. Now the space through which a cannon-b^ or wit 
other body, can be thrown, depends on the velocity with wiuai 
It is projected ; for the attracbon^f gravitation, and the reatr 
Snce of the air, acting perpetually, the time which a projectila 
can be kept in motion Uiroiigh the sir is only a few momenta. ^ 

Perpetual Revolution,,— "U the projectile be thrown from in 
elevated situation, it is plain that it would strihe at b greaUs 
dittance than if thrown on a level, because it would remain 
longer in the air. Every one knows that he can throw a Mods 
to a greater distance when atanding on a steep hill, than when 
■t«ni£ng on the plain below. 

251. Suppose the circle, Fig. 39, to be the earth, and A,a 
h^ mountain on its sur&ce. Suppose that this mountain 



mboTethentmos- 
>r is Shj milra 
len a can Don-ball 
perhaps reach 
to B, a distance 
ty or & hundred 
lecause the resist' 



irould h&ve noth- 

»nl«nd with, ci- 

he attractibn of 

don. I^ then, one 

of force, or tcIoc- 

uld send it btB, 

r would send it to 

1 if the force was 

ed three times, it wonld fall to D, and if four times, it 

pass to E. I^ now, we suppose the force to be about ten 

rreater than that with which a cannon-ball is prujecled. 

Id not fall to the earth at any of these points, but would 

oe its motion until it again came to the point A, the pU^e 

rhich it was firal projected. 

.'It would now be in e*juilibrium, the centrifugal force 

just equal to that of gravity, and, therefore, it would per- 

mother and another revolution, and so continue to revolve 

I the earth perpetually. 

). It is these two forces which retain the heavenly bodiea 

Ir orbits ; and in the case we have supposed, onr cannon- 

vuld become a Uttle satellite, moving perpetually rouod 

mh. 




L Law ^hd Forcb of FitojBOTii.Ee. — Ever NOce the dis- 
f of gunpowder, the laws of projectiles have been studied 
■ttention, as being of importance in the art of war. Many 
•A and elaborate works have been published on the sub- 
but our limits wilt only admit the insertion of a few of the 
important prindples of Qunneiy. 
S. A projectile, as a bullet from a gun, unless it has a 

da Flf. 39. SSe. WlirD wonU Ihli ball bf la sqalllbTlom 1 Whr wddM not 
• DrrniliTuliiinairl/brlriiihlabsltin ihefsnht 363. A(l*rihf ftmnTo. 
ItUu IWD farcn eaniinQcd the Binr, oDuld Dal Ihf nmlaii of Ihc biill be pn- 
SM. Wlijiare Ihe kwi of projectlln Tlewed Imponuit? SM. WhU iw" 
,_-.__. ~"-«|,t(,pu|,or»pn4«ilU*o«lleill 



Msopn^eotlleel Wlulle 



«0 



GXTKNERT. 



vertical direction, is acted on by two forces, that of projeciioii, 
which carries it forward, and that of gravity, which draws it 
downward. Its paih, therefore, is a curve, called a parabola, 

256. The distance to which the ball will fly, depends on the 
force of projection, since, if its direction is horizontal, its &]1 
toward tne earth by the force of granty (250) will be the same, 
whether its velocity be great or small. 

257. The resistance of the atmosphere, is the great impedi-- 
ment to the effects of projectile forces. Thus it has been de- 
monstrated that a 24-lb. cannon-ball, discharged at an elevation 
of 4i°, and at the velocity of 2000 feet per second, would, in 
vacuo, reach the horizon-distance of 125,000 feet, but the* re- 
sistance of the air limits its range to 7,300 feet. 

258. Velocity op the Ball. — There are several methods 
of computing the velocity of the ball, one of which is by means 
of the Ballistic pendulum. This is a thick, heavy block of 
wood, so suspended as to swing freely about on axis, and into 
this the ball is fired.' The weight of the ball, and that of the 
block being known, the velocity is found, by the degrees of mo- 
tion given to the pendulum, which is accurately measured by 
machinery. 

259. Recoil of the Gun. — Another method of finding the 
velocity of the ball, is by means of the recoil of the gun. This 
metliod is founded on the supposition tliat the explosive force 
of the powder, communicates equal quantities of motion to the 
gun and ball, in opposite directions. Hence, by suspending 
the gun, loaded with weights, like a pendulum, the extent of its 
arc of vibration, will indicate the force of tlie charge, and by 
knowing the weights of the gun and ball, its velocity is indica- 
ted. 13y such means Dr. Uutton constructed the following 
table : — 



row OCR. 


VELOCITY PER SECOND. 


DISTANCE. 


TIME OF FLIGHT. 


Ouncei. 


Feet. 


Feet. 


Seconda. 


2 

4 

8 

12 


800 
12.S0 
1640 
1680 


4100 

6100 
6000 
0700 


9 
12 

15J 



260. Experiment shows that the velocity of the ball increases 

96S. On what do«« the distance of a proj<>ctile depend 1 257. What is said c€ t^ 
0MMpheric renistaiice 1 268. What is the construction of tlie t>ailistie peodulumf 
'^'1. What Is the other method of estimating the velocitv of the ball 1 
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le charge, to a certain extent, which is peculiar to each 
fter which the increase diminishes the force, until the 
quite full. 

. The greatest velocity of a ball known, is about 2000 
r second, and this from a cannon. This velocity dimin- 
loon after it leaves tlie gun. 

. Power and Destruction, — Tlie penetration of the ball 
the square of its velocity. Hence, when the object is 
r to penetrate, as in the breaching of a fortification, the 
8t velocity is given. But in naval combats, the utmost 
y is not the most injurious, tlie most destructive balb 
such as merely pierce the ship's sides. 

MANUFACTURE OF PERCUSBION CAP8. 

t. The processes by which percussion caps are made at the 
ishment of Mr. Mclntyre, in the city of Ilartford, Ct., are 
ow : — 

k First, — The copper is rolled to about the thickness of 
brown paper, and is then cut into strips three-fourths of an 
ivide, and several yards long. The end of such a strip 
placed between the rollers of a cutting and punching 
ine, invented for this purpose, the whole, without furtlier 
don, is cut into star-like pieces of the form and size ropre- 
i by Fig. 40, A being the piece cut out, and B, the ap- 
nce of the strip of copper after the operation. 



FIG. 40. 




Pirst shape of the Copper. 

hese pieces are instantly moved, by the same engine, under 
punch, by which they are driven through a finely creased 

and are thus formed into caps which faH into a vessel 
w. 
hese stellate pieces, being struck by the punch in the cen- 

the extremities are thus brought into contact, but not 
ed, so that the caps consist pf fo^r portions connected at the 
om, like the four quarters of an orange j^eol. 

». How far does the velocity of the ball increase with that of the charge 1 261. 
I in the greatest veUxjity of a ball 1 262. What velocity of the b«ll w mos^ «•• 
thrcl 
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Wben the caps are exploded hy the hammer, them qnarten 
open and thus prevent the tearing of the metal which, if eoBd, 
would be apt to fly into fragmentB and thna endaiiger the 
eyes. 

266. Second, — The caps are next placed in a revolvinjf cylin- 
der containing aaw-duat, bj; whict they are made clean and 

They are now ready to receive the fulminaling powder, tha 
esplosion of which seta fire to the powder in the gun-baireL 

aThe caps are now placed^ a handlul at a time, on a aheitt of 
iron, three feet long, eight inches wide, and the fourth of an 
inch thick, pierced with holes a. quarter of an inch apart, ai 
shown by Fig. 41. This being placed in a horizontal position, 
and shaken, the caps find their way into the aperturea, with 
their open ends up, in a manner that is quite surprising. 




266. TJiird. — A piece of brass plate, of the exact size of that 
containing the caps, is pierced with apertures to'correspond with 
each and every cap, but siuallcr in size, as shown by Fig. 42. 




iMMa ^ PttUtit, 



This plate, being about the sixth of an inch thick, i^ laid od 
a smootb surface, and the fulminating compound, a little moist- 
ened by gutn- water, is rubbed into the apertures with the haul 
where it ttSherei, that remaining on the surface being rubbed off 
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• Jfbvrth, — ^Thia brass plate, being laid on that oontain- 
B caps, each apeitore corresponding to a cap, the powder, 
ftns of a brush, is made to Ml into the caps. 
', Fifth, — ^The caps are now charged with the powder, 
K)se state, and requires a gentle pressure to fix it in iti 

I is done by placing the plate, containing them, as abo^e 
3ed, under rows of punches, which are worked with a little 
ngine, and by which the punches are lifted, while the 
B moved forward, by means of a click and notches, so as 
respond exactly with the Mi of the punches, by the press- 
which, the powder is fixed in its place. 
I. Sixth, — ^The best caps are varnished, in order to pro- 
hem from moisture. It being the powder only which 
es this protection, in France it is done with a little brush 
*h. cap held in the fingers. But Mr. Mclntyre has invented 
ch more expeditious way, and which insures the same 
ity in each cap. 

s is done by a small machine, consisting of two cams ; a 

working in horizontal notches, and a crank, by which 

hole is moved. On the platform or bed of this, is laid the 

iHg. 41, containing the caps, (268,) and on working the 

ne, two dozen blunt metallic points ave alternately dipped 

little trough containing copal varnish, and then into the 

these being moved by the click, to correspond with the 

ition of the cams by which the motions of these points 

roduced. In this way hundreds of caps are varnished in 

minutes. 

). Seventh, — The edges of the best caps are polished, out 
ime, by holding them with pliers for a second on a spindle 
sel, revolving a thousand times a minute, the point of 
I enters the cap, the edge rubbing against a shoulder, by 
1 the work is done. 

ith two engines, as above described, the prqmetor esti- 
i the numl^r of caps made per day, to be about 100,000, 
rket being always ready for all he can make. 

ftXeULTAMT MOTION. 

1. Remltant motion consists in the operation oftwo, or 
y forces, the joint action of which, results in unity of effect. 

What It mmnt hy rerattant motioii 1 finppoie two boat* aaiUnff at the aaiM 
Id in the laiae direction, tf an apple betotaed from one to the other, what wiM 
direction i^ reapect to the boata 1 
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« 

Suppose two men to be sailing in> two boats, eiach at the 
rate of four nules an hour, at a short distance opposite to each 
otber, and suppose as they are sailing along in this manner, one 
of the men throws the other an apple. In respect to the boats, 
the apple would pass directly across from one to the other, Uiat 
is, its line of direction would be at right-angles with the sidei 
of the boats. But its actual line through the air would be 
oblique, or diagonal, in respect to the sides of the boats, because, 
in passing from boat to boat, it is impelled by two forces, yiz^ 
the force of the motion of the boat forward, and the forcA by 
which it is thrown by the hand across this motion. 

2*72. This diagonal motion 
of the apple is called the re- 
sultant, or the resulting mo- 
tion, because it is the 'effect or 
result of two motions resolved 
into one. Perhaps this will 
be more clear by Fig, 43, 
where A B, and C D, are sup- ^ e fi" 

posed to he. the sides of the Diagonal Motion, 

two boats, and the line E F, 

that of the apple. Now the apple, when thrown, has a moboQ 
with the boat at the rate of four miles an hour, from C toward 
D, and this motion is supposed to continue just as though it had 
remained in the boat 

273. Had it remained in the boat during the time it was 
passing from E to F, it would have passed from E to H. But we 
suppose it to have been thrown at the rate of eight miles an 
hour, in the direction toward G ; and if the boats are moving 
south, and the apple thrown toward the east, it would pass in 
the same time twice as far toward the east as it did toward the 
south. Therefore, in respect to the boats the apple would pass 
at right-angles from thte side of one to that of the other, because 
they are both in motion. But in respect to a right line, drawn 
from the point where the apple was thrown, and a parallel line 
with this, drawn from the pofnt where it strikes the other boat, 
the line of the apple would be oblique. This will be clear, when 
we consider that, when the apple is thrown, the boats are at the 
points E and G, and that when it strikes, they are at H and F, 
these two points being opposite to each other. 

What would be its line throo^h the air in respect to the boats 1 272. What is thta 
kind of motion called 1 Why is it called resultant motion? Explain Fig 43 273L 
Why would the line of the apple be actually at riKht-augles in respect to the bonim, 
but oblique in renpect to parallel lines drawn from where it was thrown and wbd^ 
U ■truck 1 How Is this further illustrated 1 
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Hie line E F, tJirough which the apple is thrown, is called 
the diagonal of a parallelogram, as alreadj explained under 
ooiaponnd inotion. 

274. On the aboTe principle, if two ships, daring a battle, are 
sailii!^ before the wind at equal rates, the aim of the gunnera 
will be exactly the same as though they stood still ; whereas, if 
the gunner fires from a ship standing still, at another under sail, 
he takes his aim forward of the mark he intends to*hit, because 
the ship would pass a little forward while the ball is going to her, 

275. And so, on the contrary, if a ship in motion fires at an- 
other standing still, the aim must be behind the mark, because, 
as the motion of the ball partakes of that of the ship, it will 
strike forward at the point aimed at 

276. For the same reason, if a ball be dropped from the top- 
mast of a ship under sail, it partakes of the motion of the ship 
forward, and will fall in a line with the mast, and strike the same 
point on the deck as though the ship stood stilL 

If a man upon the full run drops a bullet before him from 
the height of his head, he can not run so fiist as to overtake it 
hefore it reaches the ground. 

It is on this principle, that if a cannon-ball be shot up yerti- 
cally from the earth, it will fall back to the same point ; for, 
although the earth moves forward while the ball is in the air, 
yet, as it carries this motion with it, so the ball mores forward, 
also, in an equal d^ree, and, therefore, comes down at the 
same place. 

BOBOUMT. 

^7i. HiU iermj derived from the Cheeky meanSj to indicate 
tie \our. It i$ the science of time-keeping, 

278. For this purpose, a great variety of instruments have 
been invented, by some of which, time was measured by the 
dropping of water, as in the clepsydra^ or water-clock, in others, 
by the mnning of sand, as in the hour-glass, or by the revolu- 
tion of the smi, hy means of the gnomon^ or sun-dial. Bo( 
these ancient methods have given place to the modem inven- 
tion of elocka, legnlated by the pendulujn^ and watches, r^o- 
lated by a balance-wheel. 



V4. WIi#« the saffw sre rn nfval ■mCiod, where docs the gmaur take Me aiar$ 
Vii« doe* b« mm forward of the mark wbeo the ofber thip m in mrnUm 1 275. 1/a 
ihp m ■M(i«s ilrve ar one traiiflifij^ if rll, wbfre moar be the aim 7 Wbfr n> tJ>** caat, 
■W Ar »iwm b»- fephintl rtke nnrk ? 276. Whet other iltammionm art firee of res«a> 
7 277. Whel ie Ihemeanioff oTfaoroIocy? STSi What were the i 
1 
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Pendulum. 



PENDULUM. 

• * . 

279. A pendulum is a heavy hody^ such as apiece qfhnm 
or leadj suspended by a wire or cord, so as to swing hackymri 

and forward. 

When a pendulum swings, it is said to vibrate ; ancl llut 
part of a circle through which it vibrates, is called its are, 

280. The times of the vibration of a pendulum are terj 
nearly equal, whether it pass through a greater or loss put d 
its arc. 

Suppose A and no. 44. 

B, Fig. 44, to be . A B ' 

two pendulums of 
equal length, and 
suppose the weights 
of each are carried, 
the one to C, and 
the other to D, and 
both let fall at the 
same instant ; their 
vibrations would be 

equal in respect to time, the one passing through its are flom 
C to E, and so back again in the same time that th6 cditt 
passes from D to F, and back again. 

281. The reason of this appears to be, that when the p^mdor 
lum is raised high, the action of gravity draws, it more duectly 
downward, and it therefore acquires in falling a greater com- 
parative velocity than is proportioned to- the trifling difference 
of height. 

v;^ 282. Common Clock. — In the common clock, the pendulum 
''us connected with wheel-work, to regulate the motion of tlie 
hands, and with weights, by which the whole is moved. The 
vibrations of the pendulum are numbered by a wheel or 
escapement, having thirty teeth, which revolves once in a 
minute. . Each tooth, therefore, answers to one vibration of the 
pendulum, and the wh^el moves forward one tooth in a seoQiid, 
Thus the second-hand revolves once in every sixty beats of the 
pendulum ; and, as these beats are seconds, it goes round onoe 
hi a minute. By the pendulum the whole machine is legor 
lated, for the clock goes faster or slower, according to its num- 

279. What is a pendulum? 280. What fs meant bv the vibration of a pendulutil 
What is that part of a circle called through which it swings) 281. Why doc* lit 
pendulum Tibrate in equal time whether it goes through a small or large part of Hi 
arc ) 2^2. Deecrlbe the common clock. Uow many yibrationa hu tbe pendiitaUBli 
a minute 1 
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ber of vibrations in a given time. The number of vibrations 
which a pendulum makes in a given time depends upon its 
length, because a long pendulum does not perform its jour- 
ney to and from the corresponding points of its arc so soon as a 
short one. 

283. As the motion of the dock is regulated entirely by the 
pendulum, and as the number of vibrations are as its length, 
the least variatioip in this respect will alter its rate of going. 
To beat seconds, its length must be about thirty-nine inches. 
In the common clock, the iengtkis regulated by a screw, which 
raises and lowers the weight. But as the rod to which the 
weight is attached is subject to variations of length, in conse- 
quence of the change of the seasons, being contracted by cold 
and lengthened by heat, the common clock goes faster in win- 
ter than in summer. 

In the small clocks of the present day, 
the pendulum oscillates twice and some- 
times more in a second, and consequently 
the escapement must have 60 or more 
teeth, the second-hand performing two 
.revolutions in a minute. 

The length of a pendulum beating two 
beoonds is the square of that beating 
seconds. K the length of the seconds 
pendulum be SQ-}- inches, then that beat- 
ing two seconds will be about 13 feet ^ 

A pendulum beating half seconds is in 
length, as the square root of that beating 
seconds, or about 10 inches long. 

284. Ghidiron Pendulum, — Various 
means have been contrived to counteract 
the effects of these changes, so that .the 
pendulum may continue the same length 
the whole yeari Among inventions for 
this purpose, the gridiron pendulum is 
considered among the best It is so called, 
because it consists *of several rods of dif- 




ferent metals connected together at each 
end. 



•Qridirtm Pendulum 



283. On what depends the number of vityrations which a pendulum makes In a 
^▼eo time t What it the medium length of the pendulum beating seconds 1 Why 
ooes a common clock go fester in winter than in summer 1 What Is necessary in 
respect to the penduhim, to make the slock go true the year round 1 281. What to 
the principle on which the gridiron pendulum is constructed 1 
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^ 285. Hie principle on which this pendulum is comstnieted m 
derived from the &ct that some metals dilate more by the same 
degrees of heat than othere. Thus, brass will dilate about twice 
as much by heat, and, consequently, contract twice as much by 
cold, as steel. I( then, these differences could be made to 
counteract each other mutually, given points at each end of a 
system of such rods would remain stationary the year round, 
and thus the clock would go at the same rate in all climates, and 
during all seasons. 

286. Suppose, then, steel bars A B, are firmly fixed to cross 
bars at each end, as seen by Fig, 45, and that on the lower 
cross bar, the brass rods 1 2, are also fixed; then the steel bars 
can expand only dowuDvard, and the brass ones, only upward. 
Now as the pendulum rod passes through the lower cross bar, 
and is fixed to ^e upper cross piece of the brass rods, it will be 
seen that the elongation of the two metals by heat mutually 
counteract each other, and therefore that the point of snspen- 
sion, a, and the pendulum weight, 6, will always remain at the 
same distance from each other. It is found by experiment that 
the expansion of brass to that of steel is in the proportion of 
100 to 61. . 

287. Gravity varies the Vibrations. — As it is the force of 
gravity which draws the weight of the pendulum from the 
highest point of its arc downward, and as this force increases or 
diminishes as bodies approach toward the center of the earth, 
or recede from it, so the pendulum will vibrate faster or slower 
in proportion as this attraction' is stronger or weaker. 

288. Now it is known that the earth at the equator rses 

Sher from its center than it does at the poles, for toward the 
es it is flattened. The pendulum, therefore, being more 
strongly attracted at the poles than at the equator, vibrates 
more rapidly. For this reason, a clock that would keep exact 
time at the equator would gain time at the poles, for the rate at 
which a clock goes depends on the number of vibrations its pen- 
dulum makes. Therefore, pendulums, in order to beat second's, 
must be shorter at the equator, and longer at the poles. 

For the same reason, a clock which keeps exact time at the 
foot of a high mountain, would move slower on its top. 

2R6. What are the metals of which this instrument is made 1 2B6. Explain T\f. 45, and 
five the reason why the length of the pendulum will not chanre by the Tariatioos ot 
temperature. 287. What Is the downward for«e which makes Uie pendulum Tibnte 1 
Explain the reason why the same cloclc would go faster at the poles, and slower al 
the equator. 288. Huw can a clock which goes true at the equator be made to gn 
troe at the poles 1 Will a clock keep equal time at the foot and on the top of a hi^b 
mountain t Why will it not 7 
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289. Metronome. — ^There is a short pendalum, used by mu- 
flcians for marking tii^e, which may be made to vibrate ^t or 
slow, as occasion requires. This little instrument is called a 
metronome^ and besides the pendulum, consists of several wheels, 
and a spiral spring, by which the whole is moved. This pen- 
dulum is only ten or twelve inches long, and instead of being 
suspended by the end, like other pendulums, the rod is pro- 
bnged above the point of suspension, and there ia a ball placed 
near the upper, as well as at the lower extremity. 

290. This arrangement will be under- 
stood by Mg. 46, where A is the axis 
of suspension, B the upper ball, and 
the lower one. Now, wnen this pendu- 
lum vibrates from the point A, the up- 
per ball constantly retards the motion of 
the lower one, by in part counterbalanc- 
ing its weight, and thus preventing its 
full velocity dgwnward. 

291. Perhaps this will be more ap- 
parent, by placing the pendulum, Fig. 
47, for a moment on its side, and across 
a bar, at the point of suspension. In 
this position, it will be seen that the 
little ball would prevent the large one 
from falling with its full weight, since, 
were it moved to a cer- 
tain distance from the 
point of suspension, it 
would balance the large 

one so that it would not Metronome. 

descend at all. It is plain, 

therefore, that the comparative velocity of the large ball will be 
in proportion as the small one is moved to a greater or less dis- 
tance from the point of suspension. The metronome is so con- 
structed, the httle ball being made to move up and down on 
the rod at pleasure, that its vibrations are made to beat. the 
time of a quick or slow tune, as occasion requires. 

By this arrangement, the instrument is made to vibrate every 
two seconds, or every half, or quarter of a second, at pleasure. 
Metronome means time m£hsurer. 




FIG. 47. 





289. Wbat is the mfttroaome t How does this peDduIum differ from the common 
f eiidulums ? 290. Explain Fig. 46. 291. How does the upper ball retard tlie motion 
of the Inw^r one ? How is the metronome made to fo faster or slower, at pleasure 7 



CHAPTER IV. 

MECHANICS. 

s^'' 292. Mechanks is a science which invesHffates the lann mi 
' effects of force and motion. 

293. The practical object of this science is, to teach the bert 

modes of oyercoming resistances hj means of mechanical poweii) 

and to applj motion to useful purposes, hj means of machineij. 

\ y" 294. A machine is any instrument hj which power, motioii, 

^ or velocity, is applied or regulated. 

295. A machine may be very simple, or exoeedingty com- 
plex. Thus, a pin is a machine for fastening clothes, and ft 
steam-engine is a machine for propelling mills and boats. 

As machines are constructed for a vast variety of puipoMs, 
their forms, powers, and kinds of movement, most depend on 
their intended uses. 

Several considerations ought to precede the actual constnie- 
tion of a new or untried machine ; for if it does not answer Ae 
purpose intended, it is commonly a total loss to the builder. ' 

Many a man, on attempting to apply an old principle, to • 
new purpose, or to invent a new machine for an old purpose^ 
has been sorely disappointed, having found, when too late, thsk 
his time and money had been thrown away, for want of proper 
reflection, or requisite knowledge. 

K a man, for instance, thinks of constructing a machine for 
raising a ship, he ought to take into consideration the inertia or 
weight, to be moved — ^the force to be applied — the strength of 
the materials, and the space or situation he has to work in. 
For, if the force apphed, or the strength of the materials be in- 
sufficient, his machine is obviously useless ; and if the force and 
strength be ample, but the space be wanting, the same result 
must follow. 

If he intends his machine for twisting the fibers of fleziUe 
substances into threads, he may find no difficulty in respect to 
power, strength of materials, or space to work in, but if tbe 

293. What ia mechanics? 293. What is the obiect of this sCieDcel 294. Wliitli 
a machinal 296. Mention one of the most simple, and one of the most complu of 
machines. 
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direction^ and kind of motion he obtains, be not appli* 
the work intended^ he still loses his labor, 
ands of machines have been constructed, which, so far 
led the skill of the workmen, the ingenuity of the con- 
id the construction of the individual parts, were models 
id beauty ; and, so far as could be seen without trial, 
|j adapted to the intended purpose. But on putting; 
actual use, it has too often been found, that their uniy 
tion consisted in a stubborn refusal to do any part of 
K intended. 

a thorough knowledge of the laws of motion, and the 
38 of mechanics, would, in many instances, at least, have 
3d all this loss of labor and money, and spared him so 
exation and chagrin, by showing the projector that his 
s would not answer the intended purpose, 
importance of this kind of knowledge is therefore ob- 
nd it is hoped will become more so as we proceed. 

DEnidTIONl. 

In mechanics, as well as in other sciences, there are 
which must be explained, either because they are com* 
ords used in a {>eculiar sense, or because they are termtf 
not in common use. All technical terms will be as mCich 
able avoided, but still there are a few, which it is neces- 
are to explain. 

• Force is the means by which bodies are set in motion, 
ept in motion, and when moving, are brought to rest 
lie force of gunpowder sets the ball in motion, and keeps 
t moving, until the force of the resisting air, and the force 
(f gravity, bring it to rest. -^ 

). Power is the means by which the machine is moved, 
md the force gained. Thus we have horse-power, water- 
power, and the power of weights. 

9. Weight is the resistance, or the thing to be moved by 
the force of the power. Thus the stone is the weight to 
be moved by the force of the lever or bar. 
0. Fulcrum^ or prop, is the point on which a thing is sup- 
ported, and about which it has more or less motion. In 
raising a stone, the thing on which the lever rests, is the 
fulcrum. 



I¥hat is meant bj force in mechanics 7 298. What is meant by power 1 299. 
• understood by weight 1 300. What is the ftUcrum 1 301. Are the mechan* 
Rrers numerous, or only few in number 1 
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801. In mechanics, there are a few simple machines called 
the mechanical powers, and however mixed, or complex, a com- 
bination of machinery may be, it consists only of these few in- 
dividual powers. 

We shall not here burden the memory of the pupil with the 
names of these powers, of the nature of which he is at present 
supposed to know nothing, but shall explain the action^ and use 
of each in its tuin, and then sum up the whole for his accom- 
modation. 



THE LEVER. 



302. Anj/ rod J or bar, which is used in raising a tpeight^ or 
surmounting a resistance, by being placed on a fulcrumy orpnp, 
becomes a lever. Levers are simple and compound. 

303. Simple levers are of three kinds, namely : first, where 
the fulcrum is between the power and the weight; second, 
where the weight is between the fulcrum and the power ; third, 
where the power is between the fulcrum and the weight* 

304. First Kind. — The first kind is represented by .Fig. 48, 
being a straight 

rod of iron, called ^®- ^ 

a crowbar, in com- 
mon use for rais- 
ing rocks and oth- 
er heavy bodies. 
The stone, B, is 
the weight, A the 
lever, and C the 
fulcrum ; the power being the hand of a man applied at A. 

It will be observed, that by this arrangement the application 
of a small power may be used to overcome a great resistance. 

305. The force to be obtained by the. lever, depends on its 
length, together with the power applied, and the distance of the 
weight and power from the fulcrum. 

306. Suppose, Fig. 49, that A is the lever, B the fulcrum, D 
the weight to be raised, and C the power. Let D be considered 
three times as heavy as C, and the fulcrum three times as fiu 
from C as it is from D ; then the weight and power will ex- 
actly balance each other. Thus, if the bar be four feet long, 




Simple Lever. 



302. What is a lever 1 303. What are the three kinds of simple levers 1 304. Whit 
\8 the Simplest of all mechnnical powers 1 Explain Fi^. 4S. Which is the weiffht 1 
Where is the fulcrum ? Where is the po-wer applied 7 What is the power in tbit 
case ? 305. Op what does the force to be obtained by the lever depend ? 306. 8op> 
pose a lever four feet long, and the fulcrum one foot from the end, w^t numlMr oC 
ifounds "^ill balance each other at i||p rnds ? 
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aiid the fulcrum three feet from the end, then three pounds on 
the long arm will weigh just as much as nine pounds on the 
short arm, and these proportions will be found tne same in all 
cases. 

307. When two weigCts balance each other, the fufcrum is 
always at the center of gravity between them, and therefore, 
to make a small weight raise a large one, the fulcrum must be 
I^aoed as near as possible to the large one, since the greater the 
distance yrow the fulcrum the small weight or power is placed^ 
the greater will be its force. 

FIO. 60. 





; 



Lever— '^oublB Weighta. 

808. Suppose the weight B, Fi^. 50, to be sixteen pounds, 
and suppose the fulcrum to be placed so near it, as to be raised 
by the power A, of fdur pounds hanging equally distant ftow^ 
the fulcrum and the end of the lever. If now tne power A be 
removed, and another of two pounds, 0, be placed at the end 
of the lever, its force will be just equal to A, placed at the 
middle of the lever. 

809. But let the fulcrum be moved along to the middle of 
tihe lever, with the weight of sixteen pounds still suspended to 
it, it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, Mg, 61. 

907. When weights halance each other, at what point between tllem must the ftil- 
trum be 1 3j6 Buppoee a weight of 16 pounds on the short arm of a lever is eouQ' 
lerbalanced by 4 pounds in the middle of the long arm, what power would balance 
Ihis weight at the end of the lever 1 309. Suppose the fulcrum to be moved to the 
middle of the lever, what power would then be equal to 16 pounds 1 

i 
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Lever— Equal Arma, 

Thus, the power which would bakince sixteen pounds, when 
the fulcrum is in one place, must be exchanged for another power 
weighing eight times as much, when the fulcmm is in anodier 
pla^. 

310. From these investigations, we may draw tbe foUowiiig 
general truth, or proposition, concerning the lever : " That ike 
force of the lever increases in proportion to the diatanee of tkt 
power from the fulcrum, and diminishes in proportion' a* the 
distance of the weight from the fulcrum increases.^ 

311. From this proposition, may be drawn the following rale, 
by which the exact proportions between the weight or resist- 
ance, and the power, may be found. Multiply the weight by 
its distance from the fulcrum ; then multiply the power by its 
distance from the same point, and if the products are equal, tht 
weight and the power will balance each other, 

312. Suppose a weight of 100 pounds on the short arm of 
a lever, 8 inches from the fulcrum, then another weight, or 
power, of 8 pounds, w^ould be equal to this, at tbe £:»taDoe 
of 100 inches fro n tlie fulcrum •„ because 8 multiplied by 100 
is equal to 800 ; and 100 multiplied by 8 is equal to 800, and 
thus they would mutually couiittract each other. 

313. Many instruments 

lljln common use are on the • piq. 62. 

principle of this kind of 
lever. Scissors, Fig, 62, 
consist of two levers, the 
rivet being the fulcrum 
for both. The fingers are 
the power, and the cloth 
to be cut, the resistance to 
be overcome. Ttco Lewn. 

Pincers, forceps, and 
sugar-cutters, are examples of this kind of lever. 

^^■^^^ ■ " " »■■ ■ — ■■■■■»■ ■■■■■ ■^ ■»» ■! I I ■ ■»■■■■ — ^^^ »»^* ^^i^^^^^^l^M^— ,M^1M^ 

810 What is the general proposition drawn from these results 1 311. Whit Is ths 
rule for finding the proportions between tbe weinrbt and power 1 312. Glre an Utas* 
tration <if this rule. 313. What iBStraments operate on tne principle of tlUs levar 1 
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.4. A common scale-beam^ used for weijzhmg, is a lever, 

mded at the center of gravity, 8o that ue two arms bai- 

each other. Hence the machine is called a balance. The 

am, or what is called the pivot^ is sharpened, like a wedge, 

made of hardened steel, so as much as possible to avoid 

on. 

.5. A dish is suspended by Fio.63 

) to each end or arm of the 

', for the purpose of hold- 

iie articles to be weighed. 

m the whole is suspended i J 

he point a, Ftp, 53, the /\ 
1 or lever ought to remain J^ 

horizontal position, one of Oommm Sealm. 

nds being exactly as high 

le other. K the weights in th^ two dishes are equal, and 
support exactly in the center, they will always hang as 
^sented in the figure. 

16. A very slight variation of the point of supjjort toward 
end of the lever, will make a difference in the weights era- 
ed to balance each other. In weighing a pound of sugar, 
L a scale-beam of eight inches long, if the point of 8upjx)rt 
df an inch too near the weight, the buyer would be cheated 
ly one oimce, and consequently nearly one pound in every 
)en pounds. This fraud mignt instantly be detected by 
iging the places of the sugar and weight, for then the dif- 
Dce would be qUite material, since the sugar would then 
n to want twice as much additional weight as it did really 
it 

1 7. The smelyard dif- ^ "«• "• 
from the balance, in 

ing its support near 

end, instead of in the 
Idle, and also in hav- 

the weights suspend- 
by hooks, instead of 
Qg placed in a dish. 
[f we suppose the beam to be 7 inches long, and the hook, 
Fig. 54, to be one inch from the end, then the pound weight, 
will require an additional pound at B, for every inch it is 




1 2 
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.4. In the common scale-beam, where ia the fulcrum 1 315. In ^^at position 
ht the acale-beam to banf 1 316. How may a fraudulent scale-beam be madel 
w may the cheat be detected 1 317. How does the itaelyard differ irom the 
meal 
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moved from it This, however, supposes that the bar will bal- 
ance itself^ before any weights are attached to it 

no. 66. 
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Lever of the Second Kind. 

318. Second Kind. — ^The second kind of lever is represented 
by Fig. 55, where W is the weight, L the lever, F the fulcrum, 
and P a pulley, over which a string \s thrown, and a weight 
suspended, as the power. In the common use of a lever of the 
first kind, the force is gained by bearing down the long" arm, 
which is called prying. In the second £nd, the force is gained 
by carrying the long arm in a contrary direction, or upward, 
ajid this is called lifting. 

319. Levers of the second kind are not so common as the 
first, but are frequently used for certain purposes. The oars of 
a boat are examples of the second kind. The water against 
which the blade of the oar pushes, is the fulcrum, the boatis 
the weight to be moved, and the hands of the man, the power. 

320. Two men carrying a load between them on a pole, \b 
also an example of this kind of lever. Each man acts as the 
power in moving the weight, and at the san^ time each be- 
comes the fulcrum in respect to the other. 

K the weight happens to slide on the pole, the man toward 
whom it goes has to bear more of it in proportion as its dis- 
tance from him is less than before. 

321. A load at A, Fig. 56, is borne equally by the two men, 
being equally distant from each other; but at B, three qoarten 
of its weight would be on the man at that endi, because three 
quarters of the length of the lever would be on the side of the 
other man. 



3)8. In the first kind of lever, where is the fiilcniin, in reepeol to the weight and 
^werl In the second kind, where is the fulcrum. In respfct to the weigtu and 
power 1 What is the action of the first kind called ? What is the action of the aeo* 
ond kind called 1 819. Oive examples of the second kind of lever. 320. In rowiqg a 
boat, what fa the fiilerum, what the weif ht, and what tha power Y 821. What mv 
Uhiacratlona af this principle are gfren 7 
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Lever tf tke Third Kind, 



22. lltird Kind, — ^In the third and last kind of lever, the 
^ht is placed at one end, the fulcrum at the other end, and 
power between them, or the hand, is between the fulcrum 
the weight. 

his is represented by Fiff. 5T, where C ^ the fulcrum, A 
power, suspended over the pulley B, and D is the weight 
e raised. 

23. This kind of lever works to great disadvantage, since 
power must be greater than the weight. It is tnerefore 
om used, except in cases where velocity and not force is 
lired. In raising a ladder from the ground to the roof of 
3use, men are obliged sometimes to make use of this princi- 

and the great difficulty of doing so, illustrates the mechan- 

disadvantage of this kind of lever. 

Ye have now described the three kinds of levers, and, we 
»e, have made the manner in which each kind acts plain, bv 
strations. But to make the difference between them still 
re obvious, and to avoid all confusion, we will here compare 
m together. 



2. In the third kind of lercr wh«rt are tlie respective plaeee of the weight, 
er, and Ihlcmin 1 323. What ia the dIsadTantace of this kind of lever 1 GWe aa 
npiB of the uae of the third kind of lever 1 
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* The Leven Ckmpared. 



824. In Fig. 58, the weight and hand both act downward. 
In 59, the weight and hand act in contrary directions, the hand 
upward and the weight downward, the weight being between 
them. In 60, the hand and weight also act in contrary direc- 
tions, but the hand is between the fulcrum and the weight. 

325. Compound Lever. — ^When several simple levers aro 
connected together, and act one upon the other, the machine is 

824. In what direction do the hand and weirht act. in the first kind of lever 1 !■ 
what direction do they act In the second kind T In what direction do they act in tkt 
UUxd kind 1 aS6. What la a compound lever T 
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a compound lever. In this machine, as each lever acts as 
ividuid, and with a Ibroe equal to the action of the next 
ipon it, the force is increased or diminished, and becomes 
r or less, in proportion to the number or kind of levers 
jred. 

t will illustrate this kind of'lever bj a single example, bui 
refer the inquisitive student to more extended works for s 
.▼es ligation i3i the subject 
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Oompotmd Lner. 

^.61 represents a compound lever, consisting of three sim- 
tvers of the first kind. 

6. In calculating the force of this lever, the rule applies 
1 has already been given for the simple lever, namely : 
length of the long arm is to be multiplied by the moving 
r, and that of the short one, hy the weighty or resistance. 
;7. Let us suppose, then, that the three levers in the figure 
f the same length, the long arms being six inches, and the 
; ones two inches long ; required, the weight which a mov- 
j>ower of I pound at A will balance at B. In the first place, 
iond at A, would balance 3 pounds at £, for the lever being 
3hes, and the power I poimd, 6x1=6, and the short one 
g 2 inches, 2x3=6. The long arm of the second lever 
g also 6 inches, and moved with a power of 3 pounds, mul- 
't^e 3 W 6=18; and multiply the length of the short 
^ being 2 inches, by 9=18. These two products being 
il, the power upon the long arm of the third lever, at D, 
Id be 9 pounds. 9 pounds x 6=54, and 27 X 2, is 54 ; so 
1 pound at A would balance 27 at B. 
he increase of force is thus slow, because the proportion be- 
m the long and short arms is only as 2 to 6, or in the pro- 
ions of 1, 3, 9. 



By what rule is the focce of (he compound lever calealated 1 327. How m«a j 
!■ weight wiU be jraised by tbi«e leven eoniMCted, of «lz inches each, wim uio 
m two inches from the end, by a pow«r of one poondl 
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328. Now suppose the long anus of these levers to be 18 
inches, and the short ones 1 inch, and the result will be sur- 
prisingly different, for then 1 pound at A would balance 18 
pounds at E, and the second lever would have a pow^r of 
18 pounds. This being multiplied by the length of the lever, 
18x18=324 pounds at D. The third lever would thus be 
moved by & power of 324 pounds, which, jnultiplied by 18 
inches for the weight it would raise, would give 6832 pounds. 

•329. The compound lever is employed in the construction of 
weighing machines, and particularly in cases where great weights 
are to be determined, in situations where other machines would 
be inconvenient, on account of their occupying too much space. 

330. Knee Lever. — A compound instrument, called the 
Knee Lever, is used in various kinds of machinery, the principle 
of which is explained by Fig. 62. 

This combination consists of ' 

a metal rod, A B, having a ^®' ^ 

joint at A, above which there 
is a firm support. At C is an- 
other rod, or b^, jointed to the 
long lever, and terminating at 
G, where there is another joint, 
attached to a movable plat- 
form, on which the force of the 
two levers are exerted. 

Now when B is pushed to- 
ward the vertical position, the 
force on the joints A and G, is 
constantly increased, until the 
two bars become perpendicular, 
when the pressure exerted, is 
augmented to nearly an indefi- 
nite degree. 

331. Various engines for pressing paper, and for printiii|[f, 
constructed on this principle, and it is said they are unequalod 
m power, except by the Hydrostatic press. 
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832. The mechanical power, next to the lever in arrange* 



328. If the long arms of the levers be eiirhteen inches, and the short ones one inch 
low much will a power of one poand balance 1 329. In what machines is the com 
ppuDd lever employed 1 330. Explain the principle of the Knee Lever, Fig €SL Stt 
What machines are on this priociDlel 
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bsti ot two wheel*, no. a. 

is larger thui the ^^ f^^ 

I BmaJl ODS panes ifl^k s J 

;ger, and hence both ^H^felB^H 

in center, oil which V^^^^^^^H 

utDer in which this H j^ 1 H 

ill be understood by H Ml 

laq^ wheel, A, on B 1 ^"^ ■ 

ftchine, will take up, EIQd f) 



B tlie wA«ri a»d axl*. Il is, bowerer, much mote oom- 
han the lever. 
J. It c 

, but the amall one panes 

gh the htrger, and hence both 

a common center, oil which 

turn. 

i. The suutDer in which this 

ine acta will be understood by 

63. The huge wheel. A, on 

ig the machine, will t»kc up, 

row o^ as much more rope 

the Biuoll wheel or axle, 13, aa • 

rcumference is greater. If we suppose the drcum&rence 

3 large wheel to be four times that of the small one, tlieu 

1 take up the rope four times as fast And because A is 
times as large as B, 1 pound at D will balance 4 pounds 

on the opposite side. 

6. The pnnciple of ibia machine is 

of the lever, as will be apparent 
1 examination of .Fiff. 64. 
i6. This figure represents the ma- 
) endwise, so as to show in what 
ner the lever operates. The two 
hts hanging in opposition to each 
r, the one on the wheel at A, and 
jther on the axle at B, act in the 
i manner as if they were connected 
le horizontal lever A B, passing from 
ta the other, having the common 
er, C, as a fulcrum between them. 
87. The wheel and axle, therefore, acts like a constant snc- 
ion of levers, the long arm being half the diameter of the 
«1, and the short one half the diameter of the axle; the 
imon center of both being the fulcrum. The wheel and axlt> 
, therefore, been called the perpetual lever. 
3B. The great advantage of this mechanical arrangement is, 
t wlule a single lever of the ^ame power can raise a weight 



pia. 64. 




i. What la (h< ncil niKhaniuI power to the \era 
ft 334 EipldrPri.fiS. 33E. Dd wlul principle df 
If. 64,whlchlilh>fulcnun, uU which rRt Iws arm 
Ji nueaiBt uUed, Id nlennui hi thi ulncipls cd v1 
|reat adTuilacaofthkiiiachlDaoTtf IhalaTuuidfiC 






but a fev inches at a time, and then only in a o^bdn dinctian, 
. Hii» macliine exerts a contJDual force, and in any direcdin 
wanted. To change the direction, it is only neceseaiy that tha 
rope by which the weight is to be raised, should be carried in a 
line perpendicular to the axis of the machine, to the place beknr 
where tne weight lies, and there be let &11 over a pulley. 

339. Suppose tiie wheel 

and aide, Mg. 65, is erect- no. es. 

ed in the third story of a ,,'^''~~~"'>v 

Btore-hoose, with the axle / \, _, 

over the scuttles, or doors 

through tiie floors, so that 

goods can be raised by it 

&om the ground-floor, in 

the direction of the weight 

A. Suppose, also, that the 

same store stands On a 

whar^ where ships come 

np to its side, and goods 

are to be removed from the 

Tessela into the upper slo- 

liee. Instead of removing 

the goods into the store, and hoisting them in the direction of 

A, it is only necessary to carry the rope B, over the pulley C, 

^ich is at the end of a strong beam projecting out from the 

side of the store, and then the good? will be raised in the dlieo- 

tion of B, thus saving the labor of moving them twice. 

The wheel and aide, under different forms, is applied to a 
variety of common purposes. 

340. The capstan, in universal 
use, on board of ships, is an axle 
placed upright, with a head, or 
drum, A, Fip. 66, pierced with 
holes for the levers B, C, D. The 
weight is drawn by the rope, K, 
passing two or three times round 
the aide to prevent its slipping. 

341. This is a very powerfiil 
and convenient machine. When 
not in use, the levers are taken out 
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Wn. DtBclbt P1|, 65, ind potDI out the mtDner in wblch w^hU cia be ralMd to 
iMIiifbUanpaoTaribspDUeT. 3M. Whu k the MpUui 1 When la n eU«S 
■Md) au. WbU*nUMpaciilIvi4nBliV<aorUili&nBDfth*irheatMidubl^ 
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of their places and laid aside, and when great foioe is leqiuied^ 
two or three men can push Pi each lever. 

842. Windlass.— The 
cotnmon windlass for ^^' ^• 

drawing water is another 
modification of the wheel 
and axle. The winch^ 
or crank, by which it is 
turned, is moved around 
by the hand, and there 
is no difference in the 
piinciple, whether a 
whole wheel is turned,. 
or a single spoke. The 
winch, therefore, an- 
swers to the wheel, while the rope is taken up, and the weight 
raised by the axle, as already described. 

In cases where great weights are to be raised, and it is 
required that the machine should be as small as possible, on 
account of room, the simple wheel and axle, modified as repre- 
sented by Fiff. 67, is sometimes used. 

343. The axle may be considered in two parts, one of which 
is larger than the other. The rope is attached by its two ends, 
to the ends of the axle, as seen in the figure. The weight to 
be raised is attached to a small pulley, around which the ropt 
passes. The elevation of the weight may be thus described. 
Upon turning the axle, the rope is coiled around the larger part, 
and, at the same time, it is thrown off the smaller part. At 
every revolution, therefore, a portion of the rope will be drawn 
up, equal to the circumference of the thicker part, and at the 
same time a portion, equal to that of the thinner part, will be 
let down. On the whole, then, one revolution of the machine 
will shorten the rope where the weight is suspended, just as 
much as the difference is between the circumference of Uie two 
parts. 

344. Illustration, — Now to understand the principle on which 
this machine acts, we must refer to Fig, 68, where it is obvious 
that the two parts of the rope, A and B, equally support the 
weight D, and that the rope, as the machine turns, passes from 
the small part of the axle E to the large part H, consequently. 



3(2. In the common windlan, what part aoawers to the wheel t Explain FIf . 9f. 
843. Whv is the rope ahorteDed, and the weight raised 1 344. What ia the deflgBOi 
Fig. 68 1 ' Does the weight rise perpendicular to the azia of motion 1 
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the weight does not rise in a perpendicnlar no. oa 

lire toward C, the center of both, but in a 
line between the outsides of the large and 
small parts.' 

346. Let us consider what would be the 
consequence of changing the rope A to the 
larger part of the axl^o as to place the 
weight in a line perpendicular to the axis of 
motion. In this case, it is obvious that the 
machine would 'be in equilibrium, since the 
weight D would be divided between the two 
sides equally, and the two arms of the lever 
passing through the center C, would be of 
equal length, and therefore no advantage 
would be gained. 

846. But in the actual arrangement, the weight being sus- 
tained equally by the tkrge and small parts, there is involved a 
lever power, the long arm of which is equal to half the diameter 
of the large part, while the short arm is equal to half the diam- 
eter of the small part, the fulcrum being between them. 

A Varying Power, producing a Constant Force, — If a 
power, varying under any given conditions, be required to over- 
come a resistance which varies, according to some other given 
conditions, the one may be accommodated to the other by pro- 
ducing a variation in the leverage, by which one or both acts. 

347. This is done in the 
mechanism of the watch, of, 
which A, J^ig. 69, is the bar- 
rel containing tlie power in 
the form of a convoluted 
spring, and B the ftf^ee which 
acts as a varying lever, and 
through wliich motion is 
conveyed to the hands of the 
watch. 

348. Now when the watch is first wound up, the main-spring 
within the barrel is closely coiled, and of course acts with much 
more power than afterward, when it Is partly unrolled ; hence, 
were no means used to equalize this power, every watch would 
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BarreJ and Ftuee. 



346. SuppoM the cylinder was. throughonf. of the rame size, what wnii'd be the 
cooAcquence ? 3^6. On what princinit- dorp thin machine acf I W'lich ar*- thf king 
tnd aliori araiF of the levfr. ami where is the fulrriim I 347. What is the main 
nrinx of a watch ) 34a Where i« it contained) What is the fusee of a watelk 1 
what it its form 7 When does the main spring act with moiit force 1 
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Twa c« ihree timea u bat, when fint wound up, aa 
■ard. 

). W« «ball Ke that the futee is a complete remedy (or 
ityiog action of the main-spring. Its form is a low cone, 
its surface cut into a spiral groove, to receive the chain, 
I runs round the barrel. Now when the watch is wound 
f applying the key to tho axis of tlie fusee at C, the main- 
t, oDB end of which is attached to tho diameter of tlio 
i, and the other to its axis, is cW-ly coUi'd ; but as the ac- 
begins on the smallest part uf tlic fusee, the leverof^'e is 
, and the power weak ; but as tlie fu^ice turns, aud tlie 
i; uncoils, the leverage inerciuries in ]iro[HDrtioD as the strength, 
! spring becomes weaker, aiid tlius the two forces mutually 
ize each other, and tlie watcli runs at the same rate until 
h^D which connects them has run from the barrel to the 
, when it agun requires wiuding, and the same prot»8S 
UB again. 

0. SvttTBM 09 Wheels. — As the wheel and axU ia only a 
ficalion (^ the limpU lever, so a syittm of viheelt acting on 
other, and Iranemiltini/ the power to l/ie retUlanee, it only 
Ker fiffm of the eompovjtd lever. 
.1. Such a combina- 

is shown in Fig. 70. "«■ ™- 

first wheel. A, by 
09 of the teeth, or cogs, 
nd its axle, moves the 
nd wheel, B, with a 
] eaual to that of a 
r, the long arm of 
;1] extends from the 
ir to the circumference 



the wheel, 



) the 




B suspended, a 
short arm from the ' 
le center to the end^of 
cogs. The dotted line 
>>ssing through the ceu- 

of the wheel A, shows the position of the lever, a 
T stands. The center on which the wheel and axle turns, is 
I fulcrum of diis lever. As the wheel turns, the short arm 

A HondiwsthtriiMeeqmlTJitllii. fcrrcl E.plnm how IhefonMiof '"fprln* 
riuH mmmllT «nnli« «ch olher. SSO. On wh.I ptinciplf 'JO" " *'^_''.'" « 
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of this lever will act upon the long arm of the next lever hf 
means of the teeth on thexircumferencc of the wheel B, and tluB 
again through the teeth on the axle of B, will transmit its force 
to the circumference of the wheel D, and so by the ^ort ann 
of the third lever to the weight W. As the power or small 
weight falls, therefore, the resistance W, is raised, wkh the mul- 
tiplied force of three levers acting on each other. 

352. In respect to the force to be gained by such ia machiae, 
suppose the number of teeth on the axle of the whael A to be 
six times less than the number of those on the circumference of 
the wheel B, then B would only turn round once, while A tarns 
six times. And, in like manner, if the number of teeth on the 
circumference of D, be six times greater thi^n those on' the axle 
of B, then D would turn once, while B is turned six times. Thus 
six revolutions of A would make B revolve once, and six revolu- 
tions of B would make D revolve once. Therefore, A makes 
thirty-six revolutions while D makes only one. 

863. The diameter of the wheel A, being three times the 
diameter of the axle of the wheel D, and its velocity of motion 
being 36 to *l, 8 times 36 will give tlie weight which a power 
of 1 pound at P would raise at W. Thus 36 X3 = 1P8. One 
pound at P would therefore balance 108 pounds at W. 

354. No Machine Creates Force. — K the student has 
attended closely to what has been said on mechanics, he will 
now be prepared to understand, that no machine, however 
simple or complex, can create the least degree of force. It is 
true, that one man with a machine may apply a force which a 
hundred could not exert with their hands, but then it would 
take him a hundred times as long. 

355. Suppose there are 20 blocks of stone to be moved a 
hundred -feet; perhaps twenty men, by taking each a block, 
would move them all in a minute. One man, with a capstan, 
we will suppose, may move them all at once, but this man, with 
his lever, would have to make one revolution for every foot he 
drew the whole load toward him, and therefore to make one 
hundred revolutions to perform the whole work. It will also 
t'lke him twenty times as long to do it, as it took the twenty 
men. His task, indeed, would be more than twenty timoB 
harder than that performed by the twenty men, for, in addition 
to moving the stone, he would have the friction of the machinery 

363. What weight will one pound at P balance at W 7 354. Is there any actual 
power (rained by the use of machinery 1 356. Suppose twenty men to move twenty 
■tones to a certain distance with their bands, and one man moves them back to SlM 
nunc place with a capstan, v-*-''** "i^rfbrros the most actual labor 1 Why 1 
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i(> oyeroome, wluch coiamoiily amountB to nearly one third of 
the force employed. 

356. Hence there would be an actual loss of power bj the 
use of the capstan, though it might be a convenience for the 
one man to do his work by its means, rather than to oall in 
nineteen of his neighbors to assist him. 

85*7. Any power by which a machine is moved, must be 
equal to the resistance to ^ overcome, and, in all cases where 
the power descends, there will be a proportion between the 
velocity with which it moves downward, and the velocity with 
which the weight moves upward. 

358. There will be no difference in this respect, whether tne 
machine be simple oiv compound, for if its force be increased by 
increasing the number of levers, or wheels, the velocity oi the 
•moving power must also be increased, as that of the resistance 
is diminished. 

359. There being, then, alwa3r8 a proportion between the 
velocity with which the moving force descends, and that with 
which the weight ascends, whatever this proportion may be, it 
is necessary that the power should have to the resistance the 
same ratip that the velocity of the resistance has to the velocity 
of the power. In x)ther words, " 27te pow&r multiplied by the 
space through which it moves^ in a vertical direction^ must be 
equal to the weight mtiltiplied by the space through which it 
moves in a vertical directumy 

This law is known under 
the. name of 'Hhe law of 
virtual velocities," and is con- 
sidered the golden 'rule of 
mechanics. 

360. This principle has al- 
ready been explained, while 
treating of the lever, (312 ;) 
but that the student should 
want nothing to assist him in 
dearly comprehending so im- 
portant a law, we wiU again 
illustrate it in a different 
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manner. 



356. Why, then, is machinery a convenience 1 367 In the use of the lever, what 
proportion is there between the force of the short arm, -and the velocity of the long 
arm 1 Is it said, that the velocity of the power downward, must be in pEoportiAn to 
that of tlie weigl^ upward 1 358. Does it* make any difference, in mis respect, 
whether the machine be simple or compoand "i 359. What is the golden rule of m*- 
ehanics 1 Explain Fig. 71, and show how the rule is illustrated by it. 
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Suppose the lever, Fig, 71, to be thirty incheB long from the 
fulcrum to the point where the power, P, is Buspended, and 
that the weight, W, is two inches from the fulcrum. If the 
power be 1 pound, the weight must be 15 pounds, to produce 
equih'brium, and the power, P, must fall thirty inches to raisa 
the weight, W, two inches. Therefore, the power being 1 
pound, and the space 30 inches, 30x1 =30. The weight b^ng 
15 pounds, and the space 2 inches, 15 X 2=30. 

Thus, the power multiplied by the space through which it 
falls, and the weight multiplied by the space through whidi 
it rises, are equal. 

861. However complex the machine may be, by which the 
force of a descending power is transmitted to the weight to be 
raised, the same rule will apply as it does to the action of the 
simple lever. 

THB FULLET. 

« • 

362. A pulley consists of a wheel which is grooved on the 
edge^ and which is made to turn on its axis, by a cord passing 
over it, 

363. Simple Pulley,— Fig,l2,Tepre- ^FlO.» 
sents a simple jmllc^, with a single fixed 
wheel. In other forms of the machine, 
the wheel moves up and down with the 
weight. 

864. The pulley is arranged among 
the simple mechanical powers ; but when 
several are connected, the machine is 
called a system of pulleys, or a com- 
pound pulley, 

365. One of the most obvious advan- simjiU pyffpy 
tages, of the pulley is, its enabling men 

to exert their own power in places where they can not go them- 
selves. Thus, by means of a r(?pe and wheel, a man can stand 
on the deck of a ship, and hoist a weight to the topmast 

366. By means of two fixed pulleys, a weight may be raised 
upward, while the power moves in a horizontal direction. The 
weight will also rise vertically through the same space that the 
rope is drawn horizontally. 

861. What !■ said of the application of this rale to complex macliinett SGS. Wtail 

Is a pulley 1 363. What is a fiimple pulley 1 364. What is a system of pnileys, or • 

eompound pulley 1 365. What is the most obvious advantaire of the pulley 1 386 

How must two fixed puUeys be placed to raUe a weiisbt Tertically as fiur u Uw 

'« goes horixontaUy 1 
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no. 74. 



Ftp. 73, represents two fixed ^^' ^ 

pulleys, as they are arranged for 
such a purpose. In the erection 
of a lofty edifice, suppose the up- 
per pulley to be suspended to 
some part of- the building ; then 
a horse pulling at* the i^ope, A, 
would raise the weight, W, ver- 
tically, as far as he went hori- 
zontally. 

367. In the use of the toheel 
of the pulley, there is no mechan- 
ical advantage, except that which 
arises from removing the fiiction, 
and diminishing the imperfect flexibility of the rope. 

Tn the mechanical effects of this machine, the result would 
be the same did it slide on ^ smooth surface with the same 
ease that its motion makes the wheel revolve. 

368. The action of the pulley |^ on a dif- 
ferent principle from that of th^ wheel and 
axle. A system of wheels, as already ex- 
plained, acts on the same principle as the 
compound lever. But the mechanical effica- 
cy of a system of pulleys is derived entirely 
from the dinsion of the weight among the 
strings employed in suspending it "* 

369. In the use of the single fixed pul- 
ley, there can be no mechanical advan- 
tage, since the weight rises as fast as the 
power descends. This is obvious by Fip. 
74. where it is also apparent that the power 
and weight must be equal, to balance each 
other, as already shown. 

In the single movable pulley. Fig, 74, the 
same rope passes from the fixed point, A, to 
the power, P. It is evident here, thit the weight is supported 
eaually by the two parts of the string between which it hangs. 
Therefore, if we call the weight, W, ten pounds, five pounds 
will be supported by one string, and ^ve by the other. The 
power, then, will support twice its own weight ; so that a per- 
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367. What is the advantage of the wheel of the pulley 7 968. How does the action 
of the pulley diflTer from that of the wheel and axlel 369 la there any mechanical 
advantage in the fixed pulley 1 What weight at P, Fig. 74, will balance ten pounds 
■tWI 
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son palliRK vith a force of five pounds at F, will laiia tea 
pounds atW. The mechanical force, therefore, in mpeet to At 
power, 19 as two to one.' 

In this example, it is supposed there arc only two ropen, eack 
of which bears an equa^art of the weight. 



Oompound Fultey^ 




Si/1em of PuBsfi. 



370. Compound Pulley. — If the number of ropea-'be in- 
creased, the weight may be increased with the same power; v 
the power may be diminished in proportion as the nmnber of 
ropes is increased. In F^. 75, the number of ropes austainiiig 
the weight is four, and therefore, the weight may be four timai 
as great as the power. This principle must be evident, unoe il 
is plain that each rope sustains an equal part of the weight 
The weight may, therefore, be considered aa divided into fimr 
parts, and each part sustMned by one rope. 



}. aapiKxe the nunbtr of ropH 
gr be lucr«a«<] iIb 1 Bappou 



ig. 75, Id be tb 
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S7l. In Fiff. 76, there is a system of pulleys represented, in 
which the weight is sixteen times the power. 

The tension of the rope, D £, is evidently eqnal to the^power^ 
P, because it sustains it. D, being a movable pulley, must sus- 
tain a weight equal U) twice the power ; but the weight which 
it sustains, is the tension of the second rope, D C. Hence, the 
tension of the second rope is twice that of the first ; and, in 
hke mann^, the tension of the third rope is twice that of the 
second, and so on, the- weight being equal to twice the tension 
of the last rope. 

372. Suppose the weight, W, to be sixteen pounds ; then the 
two ropes, 8 and 8, would sustain 8 pounds each, this being 
the whole weight divided equally between them. The next 
two ropes, 4 and 4, would evidently sustain but half this whole 
weight, because the other half is already sustained by a rope 
fixed at its upper end. ^The next two ropes sustain but half of 
4, for the same reason ; and the next pair, 1 and 1, for the 
same reason, will sustain only half of 2. Lastly, the power, P, 
will balance two pounds, because it sustains but half this weight, 
the other half being sustained by the same rope, fixed at its 
upper end. 

It is evident that, in this system, each rope and pulley which 
is added will double the effect of the whole. Thus, by adding 
another rope and pulley beyond 8, the weight, W, might be 32 
pounds, instead of 16, and still be balanced by the same power. 

373. In our calculations of the effects of pulle3rs, we have 
allowed nothing for the weight of the pulleys themselves, or for 
the friction of 3ie ropes. In practice, however, it will be found 
that nearly one-third must be allowed for friction, and that the 
power, therefore, to actually raise the weight must be about 
one-third greater than has been allowed. 

374. The pulley, like other machines, obeys the laws of 
virtual velocities, already applied to the lever and wheel. TTius, 
^in a system of pulleys^ the ascent of the weighty or resistance^ 
is as mtu:h less than the descent of the power as the weight is 
greater titan the power,'" If^ as in the last example, the weight 
is 1 6 pounds, and the power 1 pound, the weight will rise only 
1 foot, while the power descends 16 feet. 



371. Explain V\g, 76, and show what part of fbe weight each rope niftains. and 
why one pound at P, will balance sixteen pounds at W. 872. Explain the reason 
whT each additional rope and pulley will double the effect of the whole, or why 1*8 
weight may be double thiU of all the others with the same power. 373. In compound 
maehlnes, how much of the power must be allowed for the friction ? 374. Whnt 
general law applies to the pulley 1 
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375. Ta the eingle fixed pnllerf^, the weight and power «ra 
equal, and, consequentlj, the weight rises as iast ta tbe powv 
descends. 

With such a pulley, a man may riuse himself up to the matt- 
head by his own weight. Suppose a rppe is throwu orer ■ 
pulley, and ft man tiffl one end of it round his body,' and takai 
the other end in his hands ; he may raise himself up, beeaui% 
by pulling with his hands, he has the power of throwing toon 
of his weight on that side than on the other, and when he does 
this, his body will rise. Thus, although tiie power and (he 
weight are the same individual, still the man can change his 
center of gravity so as to make the power greater than the 
weight, or the weight greater than the power, aud thus cs> 
elevate one half of his weigh 



376. In all the pulleys we have described, 
there is a great defect, in consequence of the 
different velociljes at which the several wheels 
turn, and the consequent friction to which 
some of them are subjected. 

377. 'It has been an object among mechan- 
ical philosophers, to remedy this defect by 
inventing a system of pulleys, the wheels of 
which should all revolve on their aJtles in the_ 
same time, each making the same number of 
revolutions, notwithstanding the different 
lengths of rope passing over tiem, and thus 
avoid a defect common to those in use. 

378. This object seems to have been fully 
attained by Mr. James White, whose inven- 
tion ia. represented by Fig. 77, and which will 
be understood by the following description. 
In order that the successive wheels should re- 
volve in tie same time, and their circumfer- 
ences should be just equal to the length of 
rope passing over them, Mr. While made 
them all of different diameters. By this con- 
struction, although the length of rope passing 
over each was different, yet their revolutions 
are equal, both with respect to time and num- 
ber. 

Bt this arrangement all tbe friction ia 
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d, except that of a pivot at each end, and tlie lateral (He- 
' a single wheeL A single rope sustains the whole, and as 
BT systems, the weight is as many times the power as tliere 
»pes sustaining the lower block. Tliis is considered the 
)erfect system of pulle3rs yet indented. 



THB UfCUNlD PLANE. 



no. 78. 




btelined Plane. 



). This potoer, the most simple of all machines, consists of 

f , smooth plane, inclined- to the horizon in various degrees, 

is the fourth me- 

3al power, and is 

.ented by Fig. 78, 

) from A to B is 

iclined ]lfUine ; the 

rom D to A, is its 

t, and that from 

1), its base. 

3oard with one end 

le ground, and the other resting on a block, becomes an 

ed plane. 

0. This machine being both useful and easily constructed, 

very general use, especially where heavy bodies are to l)e 
1 only to a small height. Thus a man, by means of a^ 
led plane, which he can readily construct with a board, or 
le of bars, can raise a load into his wagon, which ten men 
I not lift with their hands. 

\1. The power required to force a given weight up an inr 
d plane, is in proportion to its height, and the length of its 

OTy in other words, tlie force must he in proportion to the 
dity of its inclination. 
32. The power, P, "°- 79- 

79,^ulling a weight 
the inclined plane, 
1 G to D, only raises 
an oblique direction 
a E to -D, by acting 
ig the whole length 
t£e plane. . If the 




Inclined Plane. 



i. How may a man raise himself up by means of a rope and sinjfle fixed pulley j 
What is a p-eat defect in the common pulley 1 377. In What manner is it said 
the defect with respect to friction might be remedied I 378. n«'sc"''^J^{i\f« ■ 
By, and show how the defects ih other pulleys are remedied bv tins. <>• J /^'>" 
I inclined plane 1 380. On what occasions is this power chiefly used [,„9"Ppo8« 
in wants to put a barrel of cider into his wagon, how does he make an inc ined 
« for this purpose 1 
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INCLINED PLANS. 




Jndined Plane,- 



plane be twice as long as it is bigh, tbat is, if the line from C 
to D be double tbe length of that from £ to D, then one pound 
at P will balance two pounds any where between D and C. It 
is evident, by a glance at this figure, that were the base length- 
ened, the height from £ to D being the same, a less power 
at P would balance an equal weight any where on the inclined 
plane ; and so, on the contrary, were the base made shorter, 
that is, the plane more steep, the power must be increased in 
proportion. 

383. Suppose two in- FlO. 80. 
clined planes, Fip. 80, 
of the same height, with 
bases of different lengths; 
then the weight and 
power will be to each 
other as the length of 
the planes. Kthe length 
from A to B is two feet, and that from B to one feot, &en 
two pounds at D will balance fotir pounds at W, and so in tins 
proportion, whether the planes be longer or shorter. 

384. The same principle, with respect to the virtnal velod- 
ties of the weight and power, applies to the inclined plane, in 
common with Qie other mechanical powers. 

Suppose the inclin- 
ed plane. Fig, 81, to HO. 8L 
be two feet from A to 
B, and one foot from 
C to B, then, as we 
have already seen by 
Ftp, 79, a power of 
one pound at P, would 
balance a weight of 
two pounds at W, 
Now, in the fall of the 
power to draw up the 
weight, it is obvious 
that its vertical de- 
scent must be just twice the vertical ascent of the weight; fir 




JncHned FUme, 



381. To roll ft given weight op an inclined plane, to what must the force be pra- 

Sortioned 1 382. Explain Fig. 79. 383. If the length of the long plane, Fif . SuTbt 
ouble that of the short one, what must be the 'proportion between the power and 
the weight 1 384. What is said of the application of the law of yirtual Tdoottiw to 
the inclined plane 1 Explain Fig. 81, and show why the power mnst fiiU twiee tithi 
as the weight rises. 
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die poorer must fiill down the distanoe' from A to B« to dntw 
the weiglit that distance ; but the vertical height to which the 
weight W is raised, is only froih to B, Thos the power, be- 
ing two pounds^ must fsHi two feet, to raise the weight, four 
]K>und8, one fix>t ; and thus the power and weight, multiplied 
by their several velocities, are equal. 

When the power of an inclined plane is considered as a ma- 
chine, it must therefore be estimated by the proportion which 
the length bears to the height ; the power being inemued in 
proportion as the elevation of the plane if diminished, 

885. Application to Roads.— ^HiUy roads may be regarded 
as inclined planes, and loads drawn upon them in oarriages, 
considered in reference to the powers which draw them, are 
subject to all the conditions which we have stated, with respect 
to inclined planes. ' 

The^)ower required to draw a load up a hill, is in proportion . 
to the elevation of the inclined plane. On a road perfectly 
horizontal, if the power is sufficient to overcome the friction, 
and the resistance of the atmosphere, the carriage will move. 
But if the road rise one foot in liffceen, besides these impedi- 
ments, the moving power will have to lift one fifteenth part of 
the load. , 

386. Now, where is there a section of country in which the 
traveler is not vexed with roads, passing straight over hills, 
when predsely the same distance would carry him around them 
on a level plane? To use a homely, but very pertinent illustra- 
tion, ^ the bale of a pot is no longer, when it lies down, than 
when it stands up." Had this simple fact been noticed, and its 
practical bearing carried into effect by road makers, many a 
nigh hill would have been shunned for a circuit around its base, 
and many a poor horse, could he speak, would thank the wis- 
dom of such a decision. 

THE WBIX2K. ^ 

887. The next simple meehaniccU power is the wedge, 7%i9 
instrument may be considered as two inclined planes, placed 
base to base. 

It is much employed for the purpose of splitting or dividing 
solid bodies, such as wood and stone. * 



aSB. How do the principles of the inclined plane apply to roadal 386. What j% 
Mid about the bale of a pot, aa applied to road maklnf 1 387. On what principle 
dots the wedfe act 7 In what case is this power osefal 1 
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SCREW. 



888. Fig, 82 represents such' a wedge as is ^^' ®- 

visually employed in cleaving timber. This in- 
strument is also used in raising ships, and pre- 
paring them to launch, and for a variety of other 
purposes. Nails, awls, needles, and many cut- 
ting instruments, act, more or less, on the prin- 
ciple of this machine. 

389. There is much difficulty in estimating 
the power of the wedge, since this depends on 
the force, or the number of blows given it, to- 
gether with the obhquity of its sides. A wedge 
of great obhquity would require hard blows to 
drive it forward, for the same reason that a 
plane, much inclined, requires much force- to roll • 
a heavy body up it. But were the obliquity of 
the wedge, and the force of each blow given, still it illiquid be 
difficult to ascertain the exact power of the wedge in ordinary 
cases, for, in the splitting of timber and stone, for instance, the 
divided parts act as levers, and thus greatly increase the power 
of the wedge. Thus, in a log of wood, six feet long, when split 
one half of its length, the other half is divided with ease, be- 
cause the two parts act as levers, the lengths of which con- 
stantly increase, as the cleft extends from the wedge. 
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THE SCREW. 



FIG. 88. 



390. The screw is the sixth and last simple mechanical power 
It may he considered as a m>odification of the inclined pkoM^ or 
as a vnnding wedge. 

391. It is an inclined plane run- 
ning spirally round a spindle, as will 
be seen by Fig. 83. Suppose a to 
be a piece of paper, cut into the form 
of an inchned plane and rolled round 
the piece of wood d ; its edge would 
form the spiral line, called tlie thread 
of the screw. If the finger be placed 
l>etween the two threads of a screw, 
and the screw be turned round once, 
thi finger will be raised upward equal to the distance of the two 
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388. What eommon Instruments acton the principle of the wedge 1 389. Wliit 
diffieuuy ia there in estimating the i ower of the wedge? 390. On what prineipte 
does the screw act 1 391. How is it shown that the screws a modification of ttMB* 
elined plane 1 
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I Kpari. In this manner, tlie finger ia niieA up the 
1 plane, as it runs round the cyliDder. 
power of tlie screw ia tmnamittfd and emp'oynl by 
ti[ snather screw called tko nut, through which , t [lassea. 
IB a spiral groove rnnniog through it, which eia tly fits 
ead of the screw. 

H nut ia fized^the screw itaelf, on turning it roun-', nd- 
forward ; bat if the screw is fixed, the nut, when tui md. 
M along the screw. 

, Fig. 84 represeDta the first kind of screw, being such 
ommooly naed in pressing paper, und other subb'ancot. 
it, N, through which the screw pnssea, answers alsu for 
the beams of the press. If the screw be turned to t « 
it will advance downward, while the nut stands idU. 




8, A screw of the second kind is represented by Fiff. 85. 
is, the screw is fixed, while the nut, N, by being turned by 
)Ter, L, from right to left, will advance down the screw. 
4. In practice, the screw ia never used as a aimple me- 
ical machine; the power being always applied by means 
lever, passing through the head of Uie screw, as in Ftp. 
ir into the nut, as in Fiff. 85. 

)5. PowKB or THB ScRBw. — Tlu Krew tuts with the eom- 
t potoer of the inclined plane and the lever, and ile force it 
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tuck as to be limited only by the etrength qf the maimiakef 
which it is made. 

In investigating the effects of tliis machine, we must, there- 
fore, take into account both thtse simple mechanical powen, so 
that the screw now becomes really a compound engine. 

396. In the inclined plane, we have already seen^ tltat the 
less it is inclined, the more easy is the ascent up it. In apply- 
ing the same principle to the screw, it is obvious, tliat th^f 
greater the distance of the threads from eadi other, the more 
rapid the inclination, and cpnseqnently, the greater must be 
the power to turn it, under a given weight. On the contrary, 
if tV o thread inclines but slightly, it will turn with less power, 
fr . the same reason that a man can roll a heavy weight up a 
plane but little inclined. Therefore, the finer the screw, or the 
Hearer the threads to each other, the greater will be the pres- 
sure under a given power. 

397. Let us suppose two screws, the one having the threads 
one inch apart, and the other half an inch apart; then the 
force which the first screw will give with the same power at the 
lever, will be only half that given by the second. The second 
screw must be turned twice as many times round as the first, to 
go through the same space ; but what is lost in velocity is gained 
in power. At the lever of the first, two men would raise a 
given weight to a given height, by making one revolation; 
while at the lever of the second, one man would raise the same 
weight to the same height, by making two revolutions. 

398. It is apparent that the length of the inclined plane, up 
which a body moves in one revolution, is the circumference d 
the screw, and its height the interval between the threads 
The proportion of its power would therefore be " a« the circum- 
ference of the screw, to the distance between the thread*^ eo ii 
the weight to the power P 

399. By this rule the power of the screw alone can be ibnnd; 
but as this machine is moved by means of the lever, we most 
estimate its force by the combined power of both. In this case, 
the circumference described by the end of the lever employed, 
is taken, instead of the circumference of the screw itself. The 
means by which the force of the screw may be found, is there- 
fore, by multiplying the circumference which the lever describe 
by the power. 



396. Why doeg the nearness of the threads make a diflVrence in the force ot Ibt 
■erew 1 397. Suppose one screw, with its threads one inch apart, And anofhtr telf 
an Inch apwrt, wfiftt will be their differenqe in force 1 3UB. W^t M tb« kmlhaf tte 
welined plane, np whieh a body moves by one revolution oi[the lenw 1 
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400. Thus, *^ tkepotoer multiplied by the ctreumferenee ^hieh ii 
describes, is equal to the weight or resistance, multiplied 6y the 
distance between the two contiguous threadsP Hence the 
efficacy of the screw may be increased, by increa»ng the length 
of the lever, or by diminishing the distance between the threads. 
If, then, we know the length of the lever, the distance between 
the threads, and the weight to be raised, we can readily calcn 
late the power ; or, the pow^r being given, and the distance of 
ilie iJireads and the length of the lever known, we can estimate 
the weight fhe screw will raise. 

401. Thus, suppose the length of the lever to be forty inches, 
the distance of the threads one inch, and the weignt 8000 
pounds ; required, the power, at the end of the lever, to raise 
the weight. 

The lever being 40 inches, the diameter of the circle, which 
the end describes, is 80 inches. The circumference is a little 
more than three times the diameter, but we will call it just 
three times. Then, 80x3=240 inches, the circumference of 
the circle. The distance of the threads is 1 inch, and the weight 
8000 pounds. To find the power, multiply the weight by the 
distance of the threads, and divide by the circumference of the 
ciicle. Thus, 

Circum. In, Weight Power. •» 

240 ■ 1 : : 8000 : 33i 

4 

The power at the end of the lever must therefore be 33-1 
pounds. In practice, this power would require to be increased 
about one-third, on account of friction. 

402. Perpetual Screw. — The force of the screw is some- 
times employed to turn a wheel, by acting on its teeth. In this 
case it is ccUled the perpetvxil screw. 

403. Fig. 86 represents such a machine. It is apparent, 
that by turning the crank C, the wheel will revolve, for the 
thread of the screw passes between the cogs of the wheel. > By 
means of an ^le, through the center of this wheel; like the 
common wheel and axle, this becomes an exceedingly powerful 
machine, but like all other contrivances for obtaining great 
power, its effective motion is exceedingly slow. It has, how- 
ever, some disadvantages, and particularly the great friction be- 



400. How is the force of the screw estimated 1 How may tho efficacy of the acrev 
be Increased? 401. The length of the lever, the distance between the tlireada, and 
tlie weight being known, how can the power be found 1 Give an ezaniple. 40SIL 
What is the screw called when it is emploved to turn a wheell 403. Explain Rg 
80. What is the objection to this machine for raising weights 7 . 
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twetm the thread of the sorew Ani 
tiw teeth of the wheel, which pre- 
venta it from being generally em 
ployed to raise weights. 

4U4. All these Mbchanical 
Powers besolved into Thhkk — 
We have now enumerated and de- 
scribed all the mechanical powers 
nsuallydenonoinatedBimple. They 
are sis in number, namely, the 
Lever, Wheel and Axle, Polley, 
Wedge, Inclined Plane, and Screw 

405. In respect to the principles 
on which they act, they may be resoKed into three nmple 
yowers, namely, the lever, .the inclined plane, and the pnlley, 
for it has been shown that the wheel and axle is only anotlier 
form of the lever, and that the screw is but a modific^oo of 
the inclined plane, 

It is surprising, indeed, that these simple powers can be so 
uTanged and modified, as to produce the different actions in all 
that vast variety of intricate machinery which men have la- 
Tented and constructed. 

406. Card Machinb. — The variety of motions we witness id 
the little engine which makei cards, by bting supplied with 
wire for the teeth, and strips of leather to slick them through, 
would iteelf seem to involve more mLchanical powers than those 
enumerated. This engine takes the mre from a reel bends it 
into the form of teeth; cuts it off, makes two holes in the 
leather for the tooth to pass through ; sticks it through ; then gives 
it another bend on the opposite side of the leather; graduates 
tiie spaces between the rows of teeth, and between one tooth 
and another; and, at the same time, carries the leather back- 
ward and forward, before the point where the. teeth are intro- 
duced, with a motion so exactly corresponding with the motions 
of the parts whicb.make and stick the teeth, as not to produce 
the dimrence of a hair's breadth in the distance between them. 

All this is done without the aid of human hands, any further 
than to put the leather in its place, and turn a crank ; or, in 
some instances, many of these machines are turned at once, by 
means of three or four dogs, walking on an inclined plane whioi 
revolves. 
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07. Skdi a machiDe displays the wonderliil ingenuity snd 
leveraoce of man, and at ant sight would se«m to set at 
gtit tlie idea tliat the lever and wheel are the chi«f simple 
rers coDcerned in its motionn. But when these motions are 
mined singly and deliberately, we are soon conWoccd that 
wheel variously modified, is the principal mcclianical power 
he whole eDgine. 

W8. Ubiof Maohinbrt.— It has already been sUted, (364,) 
t notwithstanding the vast deal of tjme and ingenuity which 
n have spent on the constructioa of mactniiery, and in 
inpting to multiply their powers, there has, as yet, been 
ip produced, in which the power was not obtained at the 
lense of velocity, or velocity at the expense of power ; and, 
before, no actual force ia ever eeneratea by mnchinery. 
When men employ the natural elements as a power to over- 
De resistance by means of machinery, there is a vast saving 
animal labor. Thus mills, and all kinds of engines, whicS 
I kept in motion by the power of water, or wind, or steam, 
re animal labor equal to the power it takes to keep them in 

409, five Sfeehankal Fowm in ont ifackint. — An engineer, 
is B«d, for the purpose of drawing a ship out of the water to 
repaired, combined the mechanic^ powers represented bf 
ig. 87, and perhaps no machine ever constructed gives greater 
Ke with flo small a power. 




It involves tlft lever A, wheel and axle B, tlie pulley C, the 
iclined plane D, and the screw K 

• eiiqilajad 
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To estimate the force of this engine, it is neoessaiy to know 
the length of the lever, diameter of the wheel, &c. 

Suppose then, the sizes of the different powers are as fol- 
lows, viz. : — 

Length of the lever A, 18 inches. 

Distance of the thread E, 1 inch. 

Diameter of the wheel B, 4 feet 

Diameter of the axle, . . . ... • . 1 foot. 

Pulleys C and D, D fixed, 4 strings. 

Height of the plane D, one-half its length, . . 2 feet. 

Suppose the man turns the lever A, with the power eoual to 
100 pounds, the force on the ship would thus be found, foV the 
different laws and rules referring to each mechanical power. 

1. One hundred pounds on the lever A, would be- 
come a force by means of the screw on the wheel Pound*. 
Bof 11,309.76 

2. Diameter of wheel four times that of the axle, . 4 

^ 45,239.04 

8. The number of pulley strings, 4 

^ 180,956.16 

4. Height of the inclined plane half its lenth, . . 2 

861,912.82 

The force on the ship therefore would be equal to 861,912 
pounds, or about 161 tons. 



CHAPTER Y. 

HYDROSTATICS. 



410. Hydrostatics is the science which treats of the wetghi^ 
pressure, and equilibrium of water, or other fluids, when in a 
state of rest, 

411. Hydraulics is that part of the science of fluids whicb 
treats of water in motion, and the means of ^*aising and obii' 
ducting it in pipes, or otherwise, for all sorts of purposes. 

■ ■ 1 

409. What must be known to estimate the power of this machine) Whatte tht 
amount of force on the abip 1 410. What ia hydrostatica 1 ill. How does hydmiBa 
differ from hydroatatica 1 
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e subject of water at rest, will first claim inyestif^ation, 
the laws which regulate its motion will be best undiTHtou*! 
St comprehending those which regulate its pressure. 

2. A fluid ii a iiibitance whose particles ctre easily rnoveif 
g eojch other y as air and water. 

3. llie air is called an elastic fluid, because it is c^LHily 
ressed into a smaller bulk, and returns again to its ori;;iii I 
when the pressure is removed. Water is called a mm- 
c fluid, because it admits of little diminution of bulk uiidir 
are. 

4. The non-elastic fluids are perhaps more properly calltMl 
ds^ but both terms are employed to signify water and otlici 
» possessing its mechanical properties. The term fluid, 
I applied to the air, has the word elastic before it 

.5. One of the most obvious properties of ^uids, is the 

ty with which tl^ey yield to the impressions of other bodicM, 

the rapidity with which they recover their former statt*, 

1 the pressure is removed. The cause of this, is tlie free- 

with which Iheir particles slide over, or among each other ; 

* cohesive attraction being so slight as to be overcome by 

least impression. On this want of cohesion among tlieir 

icles seems to depend the peculiar mechanical properties of 

6 bodies. 

16. In solids, there is such a connection between the parti- 
, that if one part moves, the other part must move also, 
in fluids, one portion of the mass may be in motion, while 
other is at rest. In solids, the pressure is always downward, 
oward the center of the earth's gravity ; but in fluids, tiio 
ticles seem to act on each other as wedges, and hence, when 
fined, the pressure is sideways, and even upward, as well as 
mward. 

U7. Elasticity of Water, — ^Water has commonly been called 
lon-elastic substance, but it is found that under great pressure 
volume is slightly diminished, and hence it is proved to be 
Stic The most decisive experiments on this subject were 
ide many years ago by Mr. Jrerkins.' 
418. These experiments were made by means of a hollow 
linder. Fig, 88, which was closed at the bottom, and made 
itcr-dght at the top, by a cap, screwed on. Through this 



12. What if> a fluid t 413 What is an elastic fluid ? Whj is air called an elastic 
id 1 414 What substances are called liquids ? 416. What is one of the most ob- 
us properties of liquids 1 416. On what do the peculiar mechanical properties of 
ids depend 1 In what respect does the pressure of a fluid differ from that of « 
Id 1 417. Is water an elastic, or a non-elastic fluid ? 4ia Describe Fig. 88, waA 
»w how water was found to be elastic. 
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cap, at A, passed tlie rod B, wbicli was five-sixteeDthg na a 

of an inch in diameter. The rod was so nicely fitted 

to the cap, as also to be water-tight. Around the 

rod at C, there was placed a flexible ring, which could 

be easily pushed up or down, but fitted so closely as 

to remain on any part where it was placed. 

A cannon of sufficient size to receive this cylinder, 
which was three inches in diameter, was famished 
with a strong cap and forcing pump, and set verti- 
cally into the ground. The cannon and cylinder 
were next filled with water, and the cylinder, with 
its rod drawn out, and the ring placed down to the 
cap, as in the figure, was plunged into the cannon. 
The water in the cinnon was then subjected to an _ 
immense pressure by means of the forcing pump, jjfenu 
afler which, on examination of the apparatus, it was 
found that the ring C, instead of being where it was placed, k«i 
eight inches up the rod. The water in tlie cylinder being ccnar 
pressed into a smaller space, by the pressure of that in the Ciia- 
non, the rod was driven in, while under pressure, but was forced 
out again by the expansion of the water, when the pressure 
was removed. Thus, the ring on the rod would indicate the 
distance to which it had been forced in, during the greatest 
pressure. 

419. This experiment proved that water, under the pressure 
of one thousand atmospherc^s, that is, die weight of 15,000 
pounds to the square inch, }vas reduced in bulk about one part 
in 24. 

So slight a degree of ohusticity under such inimense pressure, 
is not appwBciable under ordinary circumstance, and therefore 
in practice, or in conmiou experiments on this fluid, water is 
considered as non-elastic. 

EQUAL PRESSURE OF WATER. ' 

420. The particles of water^ and other fluids^ when confined^ 
press on the vessel which confines them^ in all directionSj both 
upward, dottmroardj and sideways. 

From this property of fluids, together with their weight, veij 
unexpected and surprising effects are produced. 
^ The effect of this property, which we shall first examine, is. 



419. In what proportion does the bulk of water diminihh iimler a preivureof 15^ 
pounds to the square inch ) In common cxpfrimcnis. is wafer considered elastie 
or non-elastic? ^20. When water is coufiiiPii, hi wliat direction dues it press t 






PItaSBDKE or WATER. IOC 

Qmt A qD&ntily of water, howeyer email, will baI&Dc« anotliw 
quantity, however large. Such a proposition _at first tliought 
might Bcem very improbable. But on eiominatioo, we shall 
find that an experiment with a very Bimple apDaratua will con- 
vitice any one of ila tnitb. Indeed, we every day see Uiis prin- 
ciple established by actual experiment, as will be seen directly 

421. Fiff. 89, represents a common 
ooffee-pot, supposed to be filled uftto the 
dotted line A, with a decoction of coffee, 
or any other liquid. The coffee, we know, 
stands exactly at the same height, both in 
the body of the pot, and in its spout. 
Therefore, (Ae miail quantity in the spotit, 
balantes the large gttantit-y in Ihe pot, or 
preua with the tame force downvmrd, at 
that in the body of the pot prestet up- 
ward. This is ob^ously true, otherwise, the large quantity 
would sink below the dotted line, while that in the spout would 
rise above it, and run over. 

422. The same principle is more strik- no. m. 
bigly illustrated by Fig. MO. o 

Suppose tbe cistern A to be capable of 
holding one hundred -gallons, and into its 
bottom there be fitted the tube B, bent, 
aa seen in the figure, and capable of con- 
taining one gallon. The top of the da- 
tern, and that of the tube, being open, 
pour water into the tube at C, and it will 
rise up through the perpendicular bend 
into the cistern, and if the process be con- 
tinued, the dstern will be filled by pour- 
ing water into the tube. Now it is plain, 
that the gallon of water in the tube presses i^nst the htm 
dred gallons in the cistern, with a force eqjjal to the pressure of 
die hundred gallons, otherwise, that in the tube would be forced 
upward higher than ihat in the dstem, whereas, we find that 
the surfaces of both stand exactly at the same height. 

423. From these experiments we learD, " that the presmrt 
tf aflvLid it not inproportion to itt quantify, but to itt height. 
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imd that a large qtumttty of water tn a» open veatd, promt 
teilk no more force than a small quantity of the tame A^^L" 
424. Pressure equal in VeMeh (fall Size» and Shape*.— 
The awe or shaoe of a. vessel is of no ^onBequence. for if a num- 
ber of vesMls, differing entirely from each otLer in figure, pod- 
tdon, and capadty, have a communication made between them, 
and one be tilled with water, the sur&ce of the fluid, in all, will 
be at tbe same elevation. I^ therefore, the water stands at an 
equal height m all, the pressure in one must be just equal to 
that in another, and ho equal to that in all the others. 
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426, To make this obvious, suppose a nnmber of vesaeb, iA 
different shapes and sizes, as represented by ^t^. SI, to lum ■ 
communication between them, by means of a small tube, pa» 
ing from the one to the other. I^ now, one of these vesBebbe 
filled with water, or if water be poured into the tube A, fdl the 
other vessels will be filled at the same instant, up to the tine 
B C, Therefore, the pressure of the yater in A, balancei (hat 
in 1, 2, 3, &c, while the pressure in each of theee veasela i> 
equal to that in the other, and so an equilibrium is prodooed 
throughout the whole series. 

426. If au ounce of water be poured into the tube A, it will 
produce a pressure on the coiteuts of all the other Tcsaels, equil 
to the pressure of all the others on the tube : jbr, it will fbrct 
the water in all the other vessels to rise upward to an equal 
height to that in the tube itself. Hence, we must conclodflt 
that the pressure in each vessel is not only equal to that in anv 
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of tiie others, but also tiiat the pressure in anj <Hie is equal to 
that in all the others. 

427. From this, we learn that the shape or size of a yessel 

has no influence on the pressure of its liquid contents, but that 

ihe pi-essure of water is as its height, whether the quantity be 

^great or small. We learn, also, that in no case will ihe weiffht 

of a quantity of hquid, however large,* force another quantity, 
liowever small, above the level of its own surface. 

428. Now, by other experiments, it is ascertained, that the 
pressure of a liquid is in proportion to its height^ and the area 
of its base. 

Suppose a vessel, ten feet high, and two 
feet in diameter, such as is represented at 
A, Fig. 92, X/y be filled witli water ; there 
would be a certain amount of pressure, at 
C, near the bottomi . Let D represent an- 
opier vessel, of the same diameter at the 
bottom, but only a foot high, and closed 
at the top. Now if a small tube, the fourth 
of an inch in diameter, be inserted into the 
cover of this vessel, and the tube be car- 
ried to the height of the vessel A,- and then 
the vessel and tube be filled with water, 
the pressure on the bottoms and sides of 
both vessels at the same height will be 
equal, and jets of water starting from D 
and G will have exactly the same force, 
and spout to the same distance. 

This might at first seem improbable, but to convmce our- 
selves of its truth, we have only to consider, that any impres- 
sion made on one portion of the confined fluid in the vessel D, 
b instantly communicated to the whole mass. Therefore, ]Jie 
water in f he tube B, presses with the same force on every other 
portion of the water in D, as it does on that small portion over 
which it stands. 

429. Bursting a (hsk, — ^This principle is iHustroted in a 
very striking manner, by the expenment, which has often been 
made, of bursting a common wine cask with a few ounces <^ 
water. 




4S7. What conelasion is to be drawn from pouring the ounce of water Into th«9 ti^ 
A 1 What is the reason that a large quantity of water will not force a small qaantit| 
sbove its own level 1 Is the force of water m proportion to its height, or its quaa 
myl 426 How is a small quantity of water du>wn to press equal to a laigeqiMOUtj 
by Fig. 93 1 429. Explain the reason why the teMareis as great at D, as at O. 
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Suppose A, Fiff. 03, to be such a cask, already n©. 

filled with water, and suppose the tube B, fifty 
feet high, to . be screwed, water-tight, into its 
head. When water is poured into the tube, 
80 as to fill it gradually, the cask will show in- 
creasing signs of pressure, by emitting the 
water throijgh the pores of the wood, and be- 
tween th^ joints; and, finally, as the tube is 
filled, the cask will burst asunder. 

430. The same apparatus will serve to illus- 
trate the upward pressure of water ; for, if a 
small stop-cock be fitted to the. upper head, on 
turning this, when the tube is filled, a jet of 
water will spirt up with a force, and to a height, 
that will astonish all who never before saw such 
an experiment. 

In theory, the water will spout to the same 
height with that which gives the pressure, but, 
in practice, it is found to fall short in the fol- 
lowing proportions : — 

431. If the tube be twenty feet high, and the orificerfor the 
jet half an inch in diameter; the water will spout nearly nine- 
teen feet. If the tube be fifty feet high, the jet will rise up- 
ward of forty feet, and if a hundred feet, it will rise above eighty 
feet. It is understood, in every case, that the tubes are to be 
kept fall of water. 

The height of those jets shows the astonishing eflfects that ^ 
small quantity of fluid produces when pressing from a perpen- 
dicular elevation. 

432. Hydrostatic Paradox. — This paradox, illustrated by 
Fig, 94, consists in experimental proof of the principle already 
insisted on, that ^vater presses according to its heiglit, and not 
to its quantity. Fill a glass jar with water, and balance it on 
the scale-beam F, E, with small weights. Then pour out the 
water, leaving only an inch or two deep, letting the baUnce 
weights remain. Replacing the jar, which will now stand 
higher than before, owing to the loss of water, introduce into 
it, by means of the crane, II, a piece of w^ood a few Hnes smaller 
in all directions than the inside of the jar. The wood being 



How is the same principle illusfrritcd by Fig. 93 ? 430. How m-iv Fijr. 93 be nude 
to illiistrare the upward prossiir- (■' 
of water twenty fet I " 
hundred feet, how hi_ 
Explain by the figure how the experiment is made. 



I^riiii^ipic musfiriiiici oy rig. "j.j { q.ju. iiow m'lv r\f. iw De DMitn 
ivard prossiir- (f -v^ter / 431. Undtrtlit pn-ssure of a column 
I high, ^lui wii: be tJi" li«=^hf ofrlie .it ? U-.d-r a pnraureof a 
ligh will it rise '/ 432. What does the hydrostatic paradox ■how 
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Hydrostatic Parados, 

sted by means of the thumb -screw, so that the water is 

e to rise around it exactly to the brim, or as high as it 

I before any was poured out, (the wood not touching the 

3,) and it will be found that it will exactly balance the 

^hts, as it did when fiill of water, though it now contains 

a tenth as much as before. 

he result will be the same if, instead of the wood, the same 

: of cork or lead be placed in the jar, the only point being, 

^ in each case, the water should rise to the same height 

Tie above experiment proves, in a very striking manner, that 

pressure of water is as its height ; and the reason why it 

tes no difference in the result whetlwir the body placed in 

jar be of wood, cork, or lead is, that the solid merely takes 

place of the fluid, displacing its own bulk, and thus the 

ght remains just as though the water itself had remained in 

jar. Thus, the pressure of a tenth part of the water, of 

al height, equals the whole. 

133. Proof by Mercury. — In addition to the above proofs, 
t a small, will balance a large quantity of water, we add the 
owing, [)erhaps the most satisfactory of all. 
Let A, B, C, Fig. 95, represent a glass tube, having at A, a 
lar cemented to the glass, into which vessels of different ca- 
nities and shapes, may be screwed. "The tube is first filled 
h mercury up to the level of the dotted hne A C, and the 
)e G />, fitted in its place. The vessel D, is then screwed 
o A, and water is poured in as far as A, thq base of the column 



38. Explain Fig. 96, and show In what manner different quantities of water will 
ukce the same w^i^t of mercury. 
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of water being, as seen, _ ^^^' •• 

equal to that of the mer- '^ 
cuiy. The fluid metal 
will rise, by the pressure 
of the water on A, up to 
JO in the small tube. Then 
unscrew D, and in its 
place fix the conical ves- 
sel E, and pour in water 
as before, and the same 
result will follow, and so 
with the small tube F; 
in each case, the height 
of the water, notwithstanding the difierence in quantity, will 
force the mercury to exactly the same elevation. 

434. Hydrostatic Bellows. — ^An instrument called the 
hydrostatic bellows, also shows, in a striking manner, the great 
force of a small quantity of water, pressing in a perpendiciilar 
direction. 

This instrument consists of two 
boards, connected together with strong 
leather, in the manner of the common 
bellows. It- is thfen furnished with a 
tube A, Fig, 96, which communicates 
between the two boards. A person 
standing on the upper board may raise 
himself up by pouring water into the 
tube. K the tube holds an ounce of 
water, and has an area equal to a 
thousandth part of the area of the top 
of the bellows, one ounce of water in 
the tube will balance a thousand ounces 
placed on the bellows. 

435. Hydrostatic Press. — This 
property of water was applied by Mr. 

iBramah, to the construction of his hydrostatic press. But 
instead of a high tube of water, which in most cases could not 
be so readily obtained, he substituted a strong fordng-panip, 
and instead of the leather bellows, a metallic pump, ban<df and 
piston. 




Bydro9UMo 



434. What ig the hydrottatic bellows? What property of wa^r is this I; 

deaigDed to show? 435. Explain Fig. 97. Where is the piston 1 Whleh !■ 
pomp-barrel in which It works ? 
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Iliis arrangement will be no. tr. 

lerstood by Fig, 97, where 

pump-banel. A, B, is repre- 

ted as divided lengthwise, 

order to show the inside. 

3 piston, C, is fitted so ac- 

atcly to the banel, as to 

rk up and down water-tight ; 

h* barrel and piston being 

de of iron. The thing to 

broken or pressed, is laid 

tlie flat surface, I, there be- 

; above this, a strong frame 

meet the pressure, not shown in the figure. Tlie small 

cing-pump, of which D is the piston, and II, the lever by 

lich it is worked, is also made of iron. 

Now, suppose the space betwet^n the small piston and the 

ge #ne, at W, to be filled with water, then, on forcing down 

3 small piston, D, there will be a pressure against the large 

iton, C, the whole force of which will be in proportion as the 

erture in which C works, is greater than that in which D 

)rks. 

436. If the piston, D, is half an inch in diameter, and the 
jton, C, one foot [n diameter, then the pressure on C will be 570 
nes greater than that on D. Therefore, if we suppose the 
essure of the small piston to be one ton, the large piston 
ill be forced up against any resistance, with a pressure equal 

the weight of 676 tons. 

437. It would be easy for a single man to give the pressure 
' a ton at D, by means of the lever, and, therefore, a man, with 
lis engine, would be able to exert a force equal to the weight 
f near 600 tons. 

438. It is evident that the force to be obtained by this prin- 
iple, can only be limited by the strength of the materials of 
•hich the en^ne is made. Thus, if a pressure of two tons be 
iven to a piston, the diameter of which is only a quarter of an 
ich, the force transmitted to the other piston, if three feet in 
iameter, would be upward of 40,000 tons ; but such a force 



436 In the hydrostatic press, what is the proportion between the pressure given 
y tlie small piston, and the force exerted on the large one 1 437. Wfiat is the esti- 
mated force which a man could give by one of these engines 1 438. If the pressure 
f two tons be made on a piston of a quarter of an inch in diameter, what will be th« 
»rce transmitted to the ottier piston of three feet in diameter 1 
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18 much too great for the strength of any material with whidi 
we are acquainted. 

A small quantity of water, extending to a great elevatim^ 
would give the pressure above described, it bemg only for the 
sake of convenience, that the forcing-pump is employed instead 
of a column of water. 

439. Rupture of a Mountain, — There is no doubt, but m the 
oj)erations of nature, great effects are sometimes produced amoEg 
mountains, by a small quantity of water findmg its way*to a 
reservoir in the crevices of the rocks fa^ beneath. 

FIG. 98. 




Rupture of a Mountain* 

Suppose, in the interior of a mountain, at A, Fig. 98, there 
should be a space of ten yards square, and an inch deep, filled 
with water, and closed up on all sides ; and suppose that, in the 
course of time, a small fissure, no more than an inch in diam- 
eter, should be opened by the water, from the hei^t of two 
hundred feet above, down to this httle reservoir. The conse- 
quence might be, that the side of the mountain would burst 
asunder, for the pressure, under the circumstances supposed, 
would be equal to the weight of five thousand tons. 

440. Pressure on Vessels with Oblique Sides, — ^It is obyious, 
that," in a vessel, the sides of which are every where perpendic- 
ular to each other, the pressure on the bottom will be as 
the height, and that the pressure on the sides will every where 
be equal, at an equal depth of the liquid. 

But it is not so obvious, that in a vessel having oblique sides, 



439. What is said of the presRiire of water, in the crevices of mountains and Hi 
effects 1 440. What is the pressure on the bottom of a vessel containing a fluid equal 
to 1 Suppose the sides of tne vessel slope outward, what eifecl does this prodoce <9 
the pressure 1 
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Preaaure on Diverging Side§. 



hj dWerging oatward from the bottom, or converging front 
bottom toward the top, in what manner the pressure wiL 
lAtaincd. 

U. Now, the pressure on the bottom of any vessel, no mat- 
^hat the shape may be, is equal to the height of ^c fluid, 
the area of tne bottom, (428.) 
ence the pressure on 

bottom of the vessel fig. 99, 

ng outward, Fig. 99, 
be just equal to what 
>uld be, were the sides 
endicular, and the same 
d be the case did the 
• slope inward instead 
itward. 

I a vessel of this shape, the sides sustain a pressure equal to 
perpendicular height of the fluid, above any given point. 
^, if tlie point 1 sastain a pressure of one pound, 2, being 
B as far below the surface, will have a pressure equal to two 
ids, and so in this proportion with- respect to the other eight 
3 marked on the side of the vessel. On the ^contrary, did 
sides of the vessel slope inward instead of outward, still the 
e consequences ensue, the vertical height in both cases mak- 
the pressure equal. For altliough in the latter, the eleva- 
is not above the point of pressure, the eflect.is the same in 
[ case. 

PREIBURE OF WATER Df POUNDS, AT VARIOUS DBPTIB. 

42. Tlie weight of a cubic inch of water at the temperature 
2°, is the 0.036065 fraction of a pound. A column of wa- 
one foot high, being 'twelve times the above, would there- 
be 0.4328 pounds. 

43. Now a square foot is 144 square inches, and therefore 
pressure, or weight, of a square foot of water will be found 
nultiplying the above fraction by 144, which gives 62.3232, 
Qearly 62 and a third ])ounds. Omitting the decimals, a 
ic foot of water is commonly estimated at 62 pounds. 



i. On the contrary, did the sides of the vessel slope inward exactly the rame 
unt of pressure according to the height, what would be the result? 442. What 
2 weight of a cubic inch of water ? 443. What is the weight of a cubic foot of 
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The following table, founded on the above estimatefiy majbo 
usefiil in determining the pressure of water in pipeii or otlier 
vessels, of known depth. 



• 

DEPTH IN FKET. 


FRESSURE PER SQUARE 
INCH. 


• 

FRKflBURS PER BQUJJIB 
FOOT. 




Pound*. 


PooodL 


1 


0.4328 


62.3232 


2 


0.8656 


124.6464 


3 

4 


1.2984 
1.7312 


186,9696 
249.2928. 


5 


2.1640 


311.6160 


6 


2.5968 


373.9392 


7 


3.0296 


436.2624 


8 


3.4624 


498.5856 


9 
10 


3,8952 
4.3280 


560.9088 
623.2320 



Suppose it is required to know the pressure on the bottom 
of a vessel of water, 1 foot square and 20 feet deep, then it is 
found by doubling that of 10 feet deep, thus 623.2320x2= 
1246.464 pounds. The pressure on a tube equal to an iDch 
square, and of an equal depth, is found by substituting inches for 
feet, as above seen. 



WATER LEVEL. 



444. We have seen, that in whatever situation water is 
placed, it always tends to seek a level. Thus, if several vessek 
commuuicating with each other be filled with water, the fluid 
will be at the same height in all, and the level will be indica- 
ted by a, straight Hue drawn through all the vessels as in Fi^, 91. 

It is on the i)rincii)le of this tendency that the little Instiii- 
inent called the water level is constructed. 

445. Let A, Fiff. 100, be a straight glass tube having two 
legs, or two other glass tubes rising from each end at right- 
angles. Let the tube A, and a part of the legs, be filled with- 
mercury or some other liquid, and on the sur&ces, a 6, of the 
liquid, let floats be placed, carrying upright wires, to the ends 
of which are attached sights at 1, 2. These sights are repre- 
sented by 3, 4, and consist of two fine threads, or hairs, stretcned 



445. Ejcplain by Fig. 100, bow %n exact line may be obtained by w^&agdog thl 
tighXM. 
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Improvea Water LeveL 

ht-angles acroes a square, and are placed at right-angles to 

ngth of the instrument. 

ey are so adjusted that the point where the hairs intersect 

other, shall be at equal heights abofe the floats. This ad- 

ent may be made in the following manner : — 

t the eye be placed behind one of the sights, looking 

gh it at the other, so as to make the points, where the 

Intersect, cover each other, and let some distant object, 
ed by this point, be observed. Then let the instrument 
versed, and let the points of intersection of the hairs be 
)d in the same way*, so as to cover each other. 1£ they are 
ved to cover the same distant object as before, they will 
equal hdghts above the surfaces of the liquid. But, if the 

distant points be not observed in the direction of tliese 
s, then one or the other of the sights must be raised or 
»d, by an adjustment provided for that purpose, until the 
s of intersection be brought to correspond. The points 
ihen be properly adjusted, and the line passmg through 
< will be exactly horizontal. A.11 points seen in tlie direc- 
of the sights will be on the level of the instrutnent 
:0. The principles on which this, adjustment depends art 
y explained : if the intersections of the hairs be at the same 
nee from the floats, the line joining these intersections will ' 
3nUy be parallel to the lines joining the surfaces a, 6, of the 



BzpbOn the principle on wblcb the water level with eights ic comtructed. 
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liquid, and will therefore be lereL But if one of ihrne pointi 
be more distant from the floats than the other^ the line joimug 
the intersections will point upward if viewed from tlie lower 
sight, and downward if viewed from the higher one^« 

The accuracy of the results of this instrument, will be greatly 
increased by lengthening the tube A. 

447. Spirit LeveL-^The common ^^- "**• 
spirit level consists of a glass tube, 
Mff. lOl, filled with spirit of wine, ex- 
cepting a small space in which there 
is left a bubble of air. This bubble, MrU 
when the instrument is laid on a level 
surface, will be exactly in the middle of the tube, and therefbn^ 
to adjust a level, it is only necessary to bring the bubble to tfaii 
position. 

The glass tube is inclosed in a brass cas^ which is eat out 
on the upper side, so that .the bubble may be seen, as repre- 
sented in the figure. 

448. This instrument is employe^ by builders to level thdr 
work, and is highly convenient for that purpose, sinoe it is only 
necessary to lay it on a beam to try its levd. 

■PECIFIO ORATITT. 

p 

449. If a tumbler he filled with water to the hrim^ and m 
egg^ or any other heavy solid, be dropped vfito it, a quantity ^ 
the fluid, exactly equal to the size of the egg, or other soUd^ wU 
he displaced, and will flow over the side of the vessel. Bodies 
which sink in water, therefore, displace a quantity of the'flaid 
equal to their own bulks. 

450. Now, it is found by experiment, that when any boH 
substance sinks in water, it loses, while in the fluid, a portion of 
its weight, just equal to that of the bulk of water which it dis- 
places. This is readily made evident by experiment 

451. Take a piece of ivory, or any other substance that wifl 
sink in water, and weigh it accurately in the usual manner; 
then suspend it by a thread, or hair, in the empty cup A, Fi^ 
102, and bqjance it, as shown in the figure. Now pour water 
into the cup, and it will be found that the suspendea body will 
lose a part of its weight, so that a certain number of grains 

447. Describe the common spirit level, and the method of using it. 44& ¥nittto 
the use of the level 1 449. How much water will an egg displace 1 460. How mock 
leflB will a cubic inch of any substance weigh in water than in air 1 461. Bow ii II 
proved by Fig. 102, that a body weighs leas in water than in air 1 
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Weighing in Water. 



be taken from the 

te scale, in order to 

the scales balance as 

the water was pour- 
The numl)er of 
taken from the op- 
scale, show the 

b of a quantity of 

equal to the bulk of 

dj so suspended. 

'. it is on the priu- 

hat bodies weigh less 
water than they do 

weighed out of it, or 

t air, that water be- 

the means of ascertaining their specific graviti<^s, for it is 

nparing the weight of a body in the water, with what it 

s out of it, that its specific gravity is detennined. 

ts, suppose a cubic inch of gold weighs 19 ounces, and on 

weighed in water, weighs only 18 ounces, or loses a nine- 
part of its weight, it will prove that gold, bulk for bulk, 

3teen times heavier than wator, and thus 19 would be tlie 

c gravity of gold. And so if a cube of copper weigh 9 

3 in the air, and only 8 ounces iit tlie water, then cop|>er, 

or bulk, is 9 times as heavy us water, and therefore ha.s a 

gravity of 9. 

\, If the body weiglis less, bulk for bulk, than water, it is 

Ls that it will not sink in it, and therefore weights must 

Ided to the lighter body, to ascertain how much less it 

s than water. 

3 specific gravity of a body, then, is merely its weight 
ared with the same bulk of water ; and water is thus made 
tandard by which tlie weights of all other bodies are 
ared. 

i. I{ow to take the Specific Gravity.— '^o take the specific 
:y of a solid which sinks irt water, first weigh the body in 
isual manner, and note down the number of grains it 
IS ; then, with a hair, or fine thread, sw pend it n'om the 
m of the scale-dish, in a vessel of water, as represented by 
102. As it w^eighs less in water, weights must be {uMed 
3 side of tlie scale where the body is suspended, until they 



On what principle are vpecffic fnTttlefl found 1 4ri3. What is the o 
- of a bodj 1 451. How are the tpecific fravitiee of solid bodies taken i 
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exactly balance each other. Next, note down the mimber of 
grains so added, and they will show the difference between the 
weight of the boBy in air and in water. 

455. It is obvious that the greater the specifio gravity <^ the 
body, the less, comparatively, will be this difference, because 
each body displaces only its own bulk of water, and some bodies 
of the same bulk will weigh many times more than others. 

456. For example, suppose that a piece of platina, weighing 
22 ounces, will displace an ounce of water, while a piece ol 
silver, weighing 22 ounces, will displace two ounces of water. 
The platina, therefore, when suspended as above described, will 
require one ounce to make the scales balance, while tihe same 
weight of silver vnll require two ounces for the same pmpoee. 
The platina, therefore, bulk for bulk, will weigh tvnoe as much 
as the silver, and will have twice as much specifio gravity. 

Having noted down the difference between the weight <tf the 
body in air and in water, as above explained, the specific gravity 
is found by dividing the weight in air by the loss in water. 
The greater the loss, therefore, the less will be the specific 
gravity, the bulk being the same. 

457. Thus, in the above example, 22 ounces <^ j^tina was 
supposed to lose one ounce in water, while 22 ounces of alver 
lost two ounces in water. Now, 22 divided by 1, the loss d 
the platina, is 22 ; and 22 divided by 2, the loss in the silver, 
is 11. So that the specific gravity of platina is 212, while that 
of silver is 1 1. The specific gravities of these metals are, how- 
ever, a httle less than here estimated. 

458. TABLE OF SPECIFIC GRAVITIEB. 

Antimony, 7 

Zinc, 7 

Cast Iron, 7 

Tin, 8 

Cobalt, 8 

Steel, 8 

Copper, 9 

BiBmutQ, . . •' 10. 

Silver, 10 

Lead, 11 

Gold, 19 



Platinum, • . T . . . . 80 
" hammered, ... 93 

Mercury, 14 

Agate, 91 

Sulphur, . . . ' . . . ,8 

Glass, crown, 9| 

" flint, 31 

Rock, crystal, 91 

Marble, SI 

Diamonds, SI 

Ruby, (oriental,) 4k 

This table being intended for common use, the firactiMis aie 
omitted, and the nearest round numbers only given. 

455 Why does a heavy body weigh comparatively less in the water than a Utf 
one 1 456. Having taken the difference between the weight of a body In air anali 
water, by what mie is its specific gravity found 1 457. Give the example sTatM, and 
show how the difference between the specific gravities of platina and nlrsr IrfiMad 



9. The hydromeltr u an intlrumfnl by vAirA lit iptfijU 
'lies of fiuida art aieertaintd by Ike Jejrlh to tcAieh l/ni in- 
nent links below their lurfaeet. 

0. Suppose a cubic inch of lead \o»^ when w«iirli<-'l i" 
r, 2S3 graiuB, and, when weighed m alvcJiul, only i'l'j 
is, then, according to the prindple already reviled, a <-ui-i - 
of water actually weighs 253, aod a cubic iocb of n\<:;\i- '. 
grains, for when a body is weighed in a fluid, it ktv» juil 
reight of the fluid it displaces. 

H. Water, as we have already awn, (453.) it the mn.-lnT-l 
hich the weights of other bodies are aitayafA. ai-d br 
laining what a given bulk of any subatauot: w«ij^^ lii aa- 
ind then what it weighs in any other fluid, tb« cjii^jiara- 
weigbt of water and thi^i fluid will be kD'jwu. For i^ a* in 
ibove .example, a certJiin bulk of waiter wo-fha 253 znitat. 
the same bulk of alcohol only 208 grains, tbt'n aJcyi.o: Lu 
>cific gravity nearly one-fourth leM than water. 
12: It is on thb principle that the hydmra- 
ia constructed. It is composed of a bol- 
ball of glasB, or metal, with a graduated 

1 liaing from its upper part, and a weight 

2 under part, which serves to LAlaDC« it in 
fluid. 

Itch an inatrument is repreaeDted by Fiy. 
, of which B is the gradnated scale, and A, 

weight, the hollow ball being betwtKB 

63. To prepare this instmmeat lor uj>«, 
rhia in grama, or half-grainy are put iLvy 
little cup. A, until the scale is caniHl duwn 
hat a certain mark oo it ooincide* exa«dr 

\ the surbce of the water. TMi mati, 

1, beoomea the Btandard of cxnpamuB t^ ji^tmc* 

en water and any other bqnid in wlueb iL* 

Irometer ia |daced. 

t64. If plunged into & fluid li^ttf tLas waMr. it « 

:>w tLe marie, and, conseqnenlly, t&« fluid »!■ nw i,. 
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the scale. If the fluid is heavier than water, the scale will rise 
ahove the surface in proportion, and thus it is ascertained in a 
moment whether any fluid has a greater or less speoific gravity 
than water. 

To know precisely how much the fluid varies from the 
standard, the scale is matted off into degrees, which indicate 
Cji'ains by weight, so that it is ascertained very exactly howmncb 
the speciiic gravity of one fluid diflfers from that of another. 

465. Water being the standard by which the weights of 
other substances are compared, it is placed as the unit, or point 
of comparison, and is, therefore, 1, 10, 100, or 1000, the 
ciphers being added whenever there are fractional parts ex- 
pressing the specific gravity of the body. It is always under- 
stood, therefore, that the specific gravity of water is 1 ; aod 
when it is said a body has a specific gravity of' 2, it is only 
meant that such a body is, bulk for bulk, twice as heavy u 
water. 

466. If the substance is lighter than water, it has a spedfie 
gravity of 0, with a fractional part. Thus, alcohol has a spedfie 
gravity of 0.809, that is, 809, water being 1000. 

467. By means of this instrument, it can be told with greai 
^ accuracy how much water has been added to spirits, for tht 

greater the quantity of water, the higher will the scale rise 
above the surface. 

The adulteration of milk with water, can also be readily de- 
tected with it, for as new milk has a specific gravity of 1032, 
water being 1000, a very small quantity of water mixed with 
it would be indicated by the instrument. 

THE SIPHON. 

468. Take a tube bent like the letter U, and, having filled n 
witli water, place a finger on each end, and in this state plunge 
one of the ends into a vessel of water, so that the end in the 
water shall be a little the highest ; then remove the fingers and 
the liquid will flow out, and continue to do so until the veeael 
if: exhausted. 

469. A tube acting in this manner is called a siphon^ and is 



465. What is tlic standard by which the weights of other bodies are compared Y 
What is the specific gravity of water ? When it is said that the specific fmiTrty of a 
body is 2, or 4, what meaning is intended to be conveyed } 466. I.f alcohol 'haaa 
specific gravity of 809; wliat, in reference to this, is the specific frr^ivity nf wattf ^ 
467. In what casefi will the hydrometer detect fraud? 468. In wh4t manner iaa 
siphon made ? 469. Explain the reason wliy the water ascends thrdUifti out leff of 
be siplion. and descends through the other } V 



I 
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cented by Fig. 104. The reason no. lot 

the water flows from tii« end of 

nbe, A, and, consequently, asoends ~ 

igh the other part, is, that there 

plater weight of the fluid from B 

, than from C to B, because the 

mdicutar height from B to A, b 

:reat«st. The weight of the water 

B to A, falluig downward by its 

(j, tends to form a vacuum, or 

space, in that )eg of the tube ; but 

Tesaure of the atmosphere on the 

1 in the vessel, constantly furcea mplum. 

aid up the other leg of the tube, 

. the void space, and thus the stream is continued as long 

J water remains in the ve&se!. 

0. ApplUation of the Siphon. — The siphon is employed 

aining mines, when there is a sufficient kll ia the vicinity : 

ij also be used to convey water over a hill, provided toe 

where it is wanted is a foot or two lower than the fotintaio. 





AppKcalim tf tie SSpiaii. 

n this purpose, let A be a spring, Fiff. 105, situated be 
a hill, and it is desired to bring the water to B for family 
To do this, a lead tube, with a stop-cock at C, is carried 
the hill, having also a stop-cock at each end. This done, 
the two ends being closed, fill the two legs of the tube by 
ing in water at C ; then C being closed, let one person open 
itop-cock at B, and a moment after, open that at A, and 
water will instantly begin to flow from the spring to the 
Toir, and if C is kept closed, will continue to run so long 
la fountain furnishes water, 

470. ^plilD bf FIf . ice, lunr Ihe liphon moMTi KiHr owr ■ WU. 



1st INTERMimirO SPBIKeS. 

The principle of the siphon has been explained imfa 
Fig. 104. 

INTBRMITTINO BPRINCit. 

471. The action of the siphon depends upon the same prin- 
ciple as the action of the pump, namely, ihe pressure of the 
atmosphere, and, therefore, its explanation properly belongs to 
Pneumatics. It is introduced here merely for the purpose of 
illustrating the phenomena of intermitting springs, a subject 
which belongs to Hydrostatics. 

Some springs, situated on the sides of mountains, flow, kit a 
while, with great violence, and then cease* entirely. .Aiter t 
time they begin to flow again, and then suddenly stop, as be- 
fore. These are called intermitting springs, Amonff ignonmt 
and superstitious people, these strange appearances naye been 
attributed to witchcraft, or the influence of some supematoral 
power. But an acquaintance with the laws of nature will dis- 
sipate such ill-ibunded opinions, by showing that they owe their 
peculiarities to nothing more fban natural siphons, existing in 
the mountains from whence the water flows. 

no. los. 




Intermilting Spring. 



472. Mg, 106 is the section of a mountain and spring, shov- 
ing how the principle of the siphon operates to produce the 
effect described. Suppose there is a crevice, or hollow, in the 
rock from A to B, and a narrow fissure leading from it, in 
the form of the siphon, B C. The water from Qie rills F E, 

471. What it tn Intermitting q»rinf t 472. How ii the phenomcnmi of tilt lnv 
ttiftUnff sprlBt explained 1 
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g the holbw, up to the line A D, it will then diBcharge 
nthrough the siphon, and continue to run until the water 
chausted down to the 1^ of the siphon B, when it will 
i. Then the water from the rills continuing to run until 
lollow is again filled up to the same line, the siphon again 
as to act, and again discharges the contents of the reservoir 
efore, and thus the spring P, at oite moment flows with 
t violence and the next moment ceases entirely. 
fS. The hollow, ahove the line A D, is supposed not to bo 
. with the water at all, since the siphon begins to act when- 
the fluid rises up to the bend D. 

uring the dry seasons of the year, it is obvious, that such a 
\g would cease to flow entirely, and would begin again only 
1 the water from the mountain fiUed the cavity through - 
ills. 



CHAPTER VI. 

HYDRAULICS. 



H. It has hem stated, (^^^t) ^^^ Hydrostatics is that 
4:h of Natural Philosophy^ which treats of the weight, pres- 
, arid equilibrium of Jlutds,,and^ that Hydraulics ha^t for 
ifjeciy the investigation of the laws which regulate fluids in 
iow. 

' the pupil has learned the principles on which the pres- 
«nd equilibrium of fluids depend, as explained under the 
ler article, he will now be prepared to understand the laws 
3h govern fluids when in motion. 

76. The pressure of water downward, is in the same pro- 
ion to its height, as is the pressure of solids in the same 
etion. 

76. Suppose a vessel of three inches in diameter has a billet 
food set up in it, so as to touch only the bottom, and sup- 
i the piece of wood to be three feet long, and to weigh nine 
nds ; then^the pressure on the bottom of the vessel will be 

L Explain T\g. 106, and riiow the reason why stich a spring will flow and ceaaa 
»w, alternately. 474. How does the science of Hydrostatics differ from that of 
raiuiesi 475. Doesthedownwardpressareof water differ from the downward 
tan of solids, in proportion 1 476. How is the downward pressure of water 
;vatedl 
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lUDe pounds. If another billet of wood bo set on Qaa, at At 
unie dimensions, it nil! press on ite top with th(f weight of 
nine pounds, and die pressure at the bottom will be e^tMD 

Eounds, and if a like billet be Bet on tLis, the pressure at th« 
Dttom will be twenty-seven pounds, and so on, in this »ti<^ to 
wiv height the column is carried. 

Now the pressure cf fluids is in tlie same proportidii; uid 
when confiaed in pipes, mar be con^dered as one short colnnm 
set on another, each of which increases the pnasuie of t^ 
ktvest, in proportion to their number and height 

477. If a vessel, 
/y. 107, be fiUed "«■ "W 

with water.andthrte 
apertures be made 
in its side at E F G, 
the fluid will be 
throws out in jets, 
falling to the earth 
in the curved lines 
shown. The reason 
why these eurves 
differ in shape, is, 
that the fluid is act- 



above the jet, which produces its velocity forward, and the ac- 
tion of gravity, which impels it downwai-d. It therefore obfw 
the same laws that solids do when projected forward, and wi 
down in curved lines, the shapes of which depend on their rela- 
tive velocities, (24t!.) * 

478. The quantity of water dischai^d, being irt proportioD 
to the pressure, when the oriflcos are the same, that ajscnaived 
&om each orifice will differ in quantity, according to the height 
of the water above it. 

479. It is found, however, that the velodty with whidi > 
vessel dischargee its contents, does not depend entirely on ths 

Erewure, but m part on the kind of orifice through which th* 
quid flows. It might be expected, for instance, that a tin <e»- 




Why do Ihe IlnM rincribrd b 
I 479. DoalhiTslsEil^iilili ■ 



! JEfH from Ihe V(B«I, F(£. 107, dia^ ta 
Jid u il iidiKhKrKFd, and haw do Ibm 

■ Uuid la dinnluu'icd, dciHuid aaUrSlr * 
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f a given capacity, with an orifice of, say an incli in diam- 
womd part with its contents sooner than another of the 
3 capacity and orifice, whose side was an inch or two thick, 
i the friction through the tin might be considered much 
than that presented by the other orifice. 
BO. But it has been found, by experiment, that the tin ves- 
{(H» not part with its contents so soon as another vessel, of 
same height and size of orifice, from which the water flowed 
ugh a short pipe. Arid, on varying the length of tliese 
8, it is found that the most rapid discharge, other circum- 
oes being equal, is through'a pipe, whose length is twice the 
leter of its orifice. Such an aperture discharged 82 quarts, 
le same time that another vessel of tin, without the pipe, 
harged 62 quarts. 

8r. This surprising difference is accounted for, by supposing 
, the ieross currents, made by the rushing of tlie watt*r from 
irent directions toward the orifice, mutually interfere with 
I other, by which the whole is broken, and thrown intocon- 
m by the sharp edge of the tin, and hence the water issues 
he form of spray, or of a screw, from such an orifice. A 
*t pipe seems to correct this contention among opposing 
■ents, and to smooth the passage of the whole, and hence 
may observe, that from such a pipe, the stream is round and 
1 defined. 

r82. Proportion between the Pressure and the Velocity of 
charge, — If a small orifice be made in the side of a vessel 
d with any liquid, the liquid will flow out with a force and 
)city equal to the pressure which the liquid before exerted 
that portion of the side of the vessel before the orifice was 
de. 

.^ow, as the pressure of fluids is as their heights, it follows, 
t if several such orifices are made, the lowest will discharge 
greatest, while the highest will discharge the least quantity 
iJiie fluid. 

The velocity of discharge in the several orifices of such a 
sel, will show a remarkaole' coincidence between the ratio 
increase in th% quantity of liquid, and the increased vc- 
ity of a fiilling body. 



90. What circamsfance, besides pressure, facilitates the discharge of water from 
orifice ? In a tul>e diBCharginx water with the greatest velocity, what Hb the pro- 
lion between its diameter and its length 1 What is the proportion between the 
intity oCiluid di8cha]::ged4hrough an orifice of tin and through a short pipe 1 481. 
w-is thisdifference explained 1 482, What are the proportions between the ▼•- 
ities of discharge and tlie heiglits of the orifices, as above explained 2 
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483. Thus, if the tall veead, Pig. 108, 
of equal dimeiuiona throughout, be filled 
with the water, and a small orifice be 
made at one inch from the top,- or below 
the surface, as at 1 ; and anomer at 2, 4 
inches below this; another at 9 inches; 
a fourth at 16 inches ; and a fifth at 25 
inches ; then the velodlies of discharge, 
from these several orifices, will be iu pro- 
portion of 1, 2, 3, 4, fi. 

484. To make this more obvions, we 
will place the expteBsioos of the several 
TelocitJea in tlie upper line of the following 
table, the lower numbers expressing the 
depths of the several orifices. 




VHBdly ^ U&ekaiti 



Thus it appears, as in falling bodies, that to produce a two- 
ibld velocity a fourfold height is necessary. To obtain a thieft- 
fold velocity of discharge, a ninefold height is required, and Jcr 
a fourfold velocity, sixteen times the height, and so in thia pro- 
portion, as shown by the table, (111-) 

In order to establish the fact, that the velocity with whidi a 
liquid spouts from an orifice, is equal to the Telocity- which 
a txidy would acquire in falling unobstructed from the sur&os 
of the liquid to the depth of the orifice, it is only necessary lo 
prove the truth of the principle in any one particular case. 

Now it is manifestly true, if the orifice be presented down- 
ward, and the column of fluid over it be of small height, then 
this indefinitely small column will drop out of the orifice by the 
mere effect of its own weight, and, therefore, with the sMne 
velocity as any other falling body ; but as fluids transmit plea- 
sure in all directions, the same effegt will be produced, whatever 
may be the direction of the orifice. 

ntiimoH SETWEaH kiliim and ptmna. 

485. The rapidity with which water flows through pipes of 
tlie same diameter, is found to depend much on the nature 
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leir internal surfaces. Thus a lead pipe, with a smooth 
:ure, under the same circumstances, will convey much mora 
r than one of wood, where the surface is rough, or beset 
points. In pipes, even where the surface is as smootli as 
^ there is still considerable friction, for in all cases, the wa- 
I found to pass more rapidly in the middle of the stream 
it does on the outside, where it rubs against the sides of 
inbe. 

)6. The sudden turns, or angles of a pipe, are also found to 
oonflSderable obstacle to the rapid conveyance of the water, 
uch angles throw the fluid into eddies or currents by which 
elodty IB arrested. 

I practice, therefore, sudden turns are generally avoided, and 
re it is necessary that the pipe should change its direction, 
done by means of as large a circle as convenient. 
87. Water in Pipes, — \\Tiere it is proposed to convoy a 
dn quantity of water to a considerable distance in pipes, 
e will be a great disappointment in respect to the quantity 
ally delivered, unless tne engineer takes into account the 
ion,. and the turnings of the pipes, and makes large allow- 
98 for these circumstances. If the quantity to be actually 
vered ought to fill a two-inch pipe, one of three inches will 
be too great an allowance, if the water is to be conveyed to 
considerable distance. 

n practice, it will be found that a pipe of two inches in diam- 
-, one hundred feet long, will discharge about five times as 
ch water as one of one inch in diameter of the same length, 
i under the same pressure. 

188. This difference is accounted for, by supposing that both 
«s retard the motion of the fluid, by friction, at equal dis- 
ees from their inner surfaces, and consequently that the effect 
this cause is much greater in proportion, in a small tube, 
m in a large one. 

489. Flowing of Rivers, — The effect of friction in retarding 
3 motion of fluids is perpetually illustrated in the flowing of 
ers and brooks. On the side of a river, the water, especiall} 
tere it is shallow, ia nearly still, while in the middle of a 
«am it may run at the rate of five or six miles an hour. For 
e same reason, the water at the bottoms of rivers is much less 



W. What is said of tfae sudden turnines of a tube, in retarding the motion of the 
id t 487. How much more water will a two-inch tube of a hundred fwt long dit- 
uve, thana one-inch tube of the same leiMfthl 488. How is this difference ac- 
loted for ? 489. Ilow do rivers show the effect o A-iction in retarding the mothm 
rheir waters 1 



120 

rapid than at tbe surface, 
position of floating subatanc 
H vertical direction. 

Thus, suppose tlie stick of wood E, 
Fip. 109, to be loaded at one end with 
lead, of tht! Baiiie diameter as the wood, 
so as to make it stand upright in still 
water. In tlie current of a river, wliere 
the lower end nearly reaches the bottom, 
it will incline as in the figure, because 
the water is more rapid towiird the 
surface than at the bottom, and hi'nce 
■ the tendency of the upjier end to move 
&3ter than the lower one, gives it an 
inclination forward. 




490. The common pump, though a hydraulic machine, de- 
pends on the pressure of the atmosphere for ita effect, and tber»- 
fore ita explanatioQ comes properly under the artjcle PneumatJcL 
where the consequences of atmospheric pressure will be iUiB- 

Such machines only as raise water without the asi^stnnce of 
the atmosphere, come properly under the present article. 

491. Akchimedes' Screw. — Among these, one of the mart 
curious, ns well as ancient machines, is the screw of Atvhimtdit, 
and which .was invented by that celebrat4;d philosojiher, two 
hundred years before the Christian era, and then enipluyed fur 
rtusing water, and draining land in Egypt. 

492. It consists of a tube, made of lead, or strong leather, 
(wiled round a cyhnder of wood or iron, as represented by F^. 
110. It has a support at each end, turning on gudgeons, the 
upper end being sometimes furnished with c(^-wheelB to give a 
more easy and rapid moUon. Both ends are open, the lover 
one being placed so far under the water as not to allow the 
orifice to come above the surface in iuming; the other die- 
charges the water in an uninterrupted streaiQ. 

493. The angle at which these machines work depends oo 
the manner of winding the tube on the cylinder ; that Is, 



^t, 



In F*. 1( 
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ArcMmtdti' Water Sa-ae. 



ler the folds touch each other, or &re at a distance apart, 
is obrioua that if the tube passes only a few times around 
ipport, this must be in nearly a horizontal position to act ; 
the folds nearly touch, as in the figure, it may be placed 
angle of abont 50° with the horizon. It will bo apparent 
;he direction of each fold must be toward the honzon, as 
crew turns, otherwise the water would not run. This is 
D by the figure. This machine, as above stated, is a very 
nt invention, but has been re-iovented in modem times, and 
i^ed in most parts of Europe. 

has been constructed in various ways besides that here 
sented. One was, to cut a spiral groove in a large log of 
I, and cover this with metat, leather, or boards, so as to 
i it hold the water. The screw being thus sunk into the 
I, instead of being on the outside, as commonly represented. 
14. When it was necessary to raise the water to a great 
bt, a series, one obliquely above die other,iwere employed, 
brms being constructed, with vessels to contain the water, 
lower end of the second screw taking that which was eleva- 
W the first; the third receiving Uiat carried np by the 
no, and so on. At present we believe this engine is no 
re nsed except as a curiosity, there being better means of 
ng water. 

9S. This principle is readily illustrated by Ending a piec« 
3ad tube round a walking-stick, and then turning Ae whole 
1 one eud in a dish of water, as shown in the figure. 



I ue. B>w iwT Ik* 
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Theory of Archimedes' Screw. — "By the following cat and 
explanation, the DOLauner in which this machine acts will be-nn 
derstood. 

496. Suppose the FIG. m. 
extremity 1 , Fig, 111, 
to be presented up- 
ward, as in the figure, 
the screw itself being 
inclined as represent- 
ed. Then, from its 
peculiar form and po- 
sition, it is evident, 
that commencing at 
1, the screw will de- 
scend until we arrive 

at a certain point, 2 ; in proceeding from 2 to 8, it willaBoend 
Thus, 2 is a point so situated that the parts of the screw ob 
both sides of it ascend, and therefore if any body, as a biD, 
were placed in the tube at 2, it could not move in either diro&- 
tion without ascending. Again, the point 3 is so situated, tliat 
the tube on each side of it descends ; and as we proceed we 
find another point, 4, which, like 2, is so placed, that the tnbe 
on both sides of it ascends, and, therefore, a body placed at 4, 
could not move without ascending. In like manner, there B a 
series of other points along the tube, from which it either de- 
scends or ascends, as is obvious by inspection. 

Now let us suppose a ball, less in size than the bore of fhe 
tube, so as to move freely in it, to be dropped in at 1. As the 
tube descends from 1 to 2, the ball of course will descend down 
to 2, where it will remain at rest. 

Next, suppose the ball to be fastened to the tube at 2, and 
suppose the screw to be turned nearly half round, so that the 
end 1 shall be turned downward, and the point 2 brought to 
the highest point of the curve 1, 2, 3. 

497. The last movement of the spiral, it is evident, would so 
change the positions of the ascending and descending parts, as 
to continue the motion upward, but it must be remembered 
that the water differs from the ball used for illustration, in hav- 
ing a constant pressure downward, and consequentiy upward, 
and that the ascent of the water depends on this property of 
the action of fluids. 



49S. Bzpkin the manner In which a ball would aacend, Fif. Ill, bj tanBObf tts 
Krew. 49r. On what propert7 of fluida doea the aaeeat of the water deptndl 
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49S. Barker's Mill. — ^For the different modes of applying 

water as ^ power for driving millg, and other useful purposes, 

we must refer the reader, to works on practical mechanics. 

fhere is, however, one method of turning machinery l^ water, 

mrented by Dr. Barker, which is strictly a philosophical, and, 

at the same time, a most curious invention, and therefore is 

properly introduced here. 
This machine is called Barker's 

centrifugal mUly and such parts 

of it as are necessary to understand 

the principle on which it acts are 

represented by Fig. 112. 
The upright cylinder A^ is a 

tube which has a funnel-shaped 

mouth for the admission of the 

stream of water from the pipe B. 

This tube is six or eight inches in 
• diameter, and may be from ten to 

twenty feet long. The arms, N 
and 0, are also tubes communica- 
ting freely with the upright one, 
from the opposite sides of which 
they proceed. The shaft D is 
firmly fipistened to the inside of 
the tube, openings at the same 
time being left for the water to 
pass to the arras O and N. The 
.lower part of the tube is solid, 
and .turns on a point resting on a block of stone or vtow] C. 
The arms are closed bX their ends, near which are the orifioea 
on the sides opposite to each other, so that the water spouting 
from them will fly in opposite directions. The stream m>m the 
pipe B, is regulated by a stop-cock, so as to keep the tube A 
constantly full without overflowing. 

409. To set this engine in motion, nothing is required btrt 
the force of the water, which being let in by we pipe, descends, 
and spoul^ng from the opposite orifices, the motion immediately 
begins, and if the main tube is of sufficient length, and kept full 
of water, it will in a few minutes acquire a whirling velocity 
which will astonish any one who has not before seen thia ouiiots 
machine. 
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500. With respect to the theory of its motion, Euler, Greg- 
ory, Brande and others, have written ; and it was formerly sup- 
posed to depend in part on the resistance of the atmosphere, 
but on trial it is said to revolve most rapidly in a vacuum. Il 
is therefore difficult to explain very clearly on what its motion 
does depend. Dr. Gregory says, ^^ In this machine the water 
does not act by its weight, or momentum, but by its centrifiiffn] 
force, and the reaction that is produced by the flowing of the 
water on the point immediately behind the orifice of discharge." 
Dr. Brande says, ^^ The resistance, or reaction generated by the 
water issuing from the holes, is such as to throw the vertical 
pipe with its arms and axis into rapid rotatory motioxk** 

A model of the running part of this mill may be made by 
any tinner, for a few shillings, and may be kept in constant mo- 
tion, as a curiosity, by the waste water from the water ram de- 
scribed a few pages hence. The shaft may be from two to four 
teet in length, and an inch or two in diameter, the arms being 
one-half or one-third this size. The orifices in the arms must . 
be small, otherwise too much water will be required, the quan- 
tity discharged being much greater than might be supposed. 

After a few revolutions, the machine will receive an addi- 
tional impulse by the centrifugal force generated in the armii 
and in consequence of tliis, a much more violent and rapid dis- 
charge of the water takes place, than would occur by the pressure 
of that in the upright tube alone. The centrifugal force, and the 
force of the discharge thus acting at the same time, and each in- 
creasing the force of the other, this machine revolves with great ve- 
locity and proportionate power. The friction which it has to 
ovei^me, when compared with that of other machines, is very 
shght, being chiefly at the \xnnt C, where the weight of *tho 
upright tube and its contents is sustained. 

By fixing a cog-wheel to the shaft at D, motion may be given 
to any kind of machinery requirt'd. 

Where the quantity of water is small, but its height consi^l* 
erable, this machine may be era|)loyed to great advantage, ^^ 
being under such circumstances one of the most powerful engii ^ 
ever invented. 

CHAIN PUMP. 

601. The principle of this machine is ancient, but instead ^>» 
flat boards, as in Fig. 113, pots, or deep buckets, were ei 



MO. VHiiat Is the theory of Barker's mill 7 601. What is paid of tlie antlqul^ 
VM of the chaiD-pump 1 Describe the construction and action of this machiiM. 
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red. Sach engines are numerous along the banks of the 
iVile, and in Nubia and Hindostan, at the present day. 

The construction, as well as the action fig.. 113. 

of the chain-pump, will be understood 
by the figure. It consists of a number 
of square pieces of board, or of thin 
iron, connected together through their 
centers by iron rods, so that they can 
have no lateral motion. These rods are 
fastened to eaqh other by hooks and 
eyes, thus forming a chain with long 
links. The a«%cending side of this chain 
passes through a square box, to which 
these pieces or buckets are closely fitted, 
but not so as to create much friction. 
The lower wheel, as well as the lower 
end of the box, must be placed below 
the surface of the wa^r to be raised. 

The action of this machine is described 
in few words. To the upper wheel is 
attached a crank ; or if large quantities 
of water are to be raised, as on board of 
ships, mill work is added, to multiply 
the motion* of the wheel, in order to 
give the buckets a more rapid ascent 
through the box. As the end of the box is constantly undei 
the water, every toanl necessarily carries up a portion in its 
ascent, and although a single bucket would elevate but a small 
quantity up to the end of tbe box, yet as they follow each other 
in rapid succession, a constant stream is produced, and thus, 
when the trunk is a foot in diameter, and the power is sufficient, 
it will be obvious that a large quantity of water may, in a short 
time, be elevated by this means. 

602. Although this machine is called a pump, it will be ob- 
served that the atmosphere is not concerned in its action. 




Chain Pump, 
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603. Water wheels generally consist of a drum, or hollow 
cjUnder, revolving on an axis, while the diameter or exterior 
Surface is covered with flat-boards^ vanes, or cavities called 

fW. Does the chain-pump act by the pressare of the atmosphere or not 1 G03. Of 
what do all water wheels consist 1 How many kinds of water wheels are then, and 
what Are tAeir names 1 
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buekets, upon whicli the water acts ; first, to giye motion to m 
wheel, and then to machinery. Such wheels are of three kinds, 
namely : the overshot, undershot, and brectst wheels. 

604. Overshot Wheel, — ^This wheel of all others, gives the 
greatest power with the least quantity of water, and is, there- 
fore, generally used when circumstances will permit, or when) 
there is a considerable fell, with a limited quantity of water. 

506. The overshot wheel, 
Fig, 114, requires a fall 
equal at least to its own 
diameter, and it is custom- 
ary to give it a greater 
length than other wheels, 
that the cells or buckets 
may contain a large quan- 
tity of water, for it is chiefly 
by the weight, and not the 
momentum of the fluid that 
this wheel is turned. 

606. In its construction, 
the drum, or circumference 
is made water-tight, and to 
this are fixed narrow 
troughs or buckets, formed 
of iron, or boards, running the whole length of the drum. The 
water is conducted by a trough nearly level, -and sometimes in 
width equal to the length of the wheel. It falls into the buckets 
on the top of the wneol, and hence the name overshot 

507. The buckets are so constructed as to retain the water 
until the wheel has made about one-third of a revolution from 
the place of admission, when it escapes as from an inverted ves- 
sel, and the wheel ascends with empty buckets, while on the 
opposite side they are filled with water, and thus the revolution 
is perpetuated. This whole machine and its action are so plain 
and obvious as to require no particular reference. 

508. From the experiments of Mr. Smeaton, it appears, that 
the fall and quantity of water, and' the diameter of -the wheel 
behig the same, the overshot, will produce about double tlie 
effect of the undershot wheel. 

609. Vndershot Wheel, — This is so called because the water 




OtershBt Whsd, 



604. What ifi the chief advantaffe of the overshot wheel 7 605. Is this wheel tumtA 



bTthewei|[ht or momentum of the water? 6U6. Describe its coostruetioo. mm, 
what is said of the construction of the buckets 1 606. Circumstances beb^ aqo^ 
now much grehter powet has the overshbt than the «inder8hdt wheel 1 
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Undenhoi WheeL 



ines under instead of over ^^' ^^' 

B drcnmferenoe, as in that 
love described. Hence it 
moved by the momcDtum, 
A the weight of the water. 

610. Its constniction,'a8 
own by Fig. 116, is dif- 
rent m>m the orershot, 
ice instead of tight buckets 

retain the water, it has 
at'boards^ standing like 
Y& around the drcumfer- 
ce. 

611. Thus constructed, 
is wheel moves equally well whether the water acts on one or 
e other side of the boards, and hence is employed for tide- 
leels, which turn in one direction when the tide b going out, 
id in the other when it is coming in. 

This wheel requires a rapid flow, and a large quantity of wa- 
p, to give it an efficient motion. 

612. Breast Wheel.— 
lis wheel, in its construc- 
m, or rather in the ap- 
ication of the moving 
>wer, is between the two 
heels already described. 
I this the water, instead 
* passing over, or entirely 
ider the wheel is deliv- 
ed in the direction of its 
inter. Fig. 116. This is 
le of the most common 
heels, and is employed 
here there is not a suffi- 
ent fall for the construc- 
^n of the overshot kind. 

613. The breast wheel is moved partly by the weight, and 
U'tly by the momentimi of the water. But notwithstanding 
lis double force, this wheel is greatly inferior to the overshot. 



no. 110. 




Brea$i WhttL 



609. Where does the water naM in the undershot wbe^l 1 What kind of force 
oves this wheel 1 610. How doe« its comitractioo differ from the ovenshot wheel ? 
1. What is a tide-wheel 1 612. How does the breast wheel diflfer from the overshot 
Id undershot wheels? Where does the water strike this wheell 613. By what 
iwer is the breast wheel moved 1 Why is this wheel inferior to the overshot 1 
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Hi efifect, not only because the lever power is diminighed by the 
smaller diameter, but also on account of the great waste of wa- 
ter which always attends the best constructed wheels of this 
kind. 

514. General Remarks, — In order to allow any of the above 
wheels to act with freedom, and to their fullest power, it is ab- 
solutely necessary that the water which is discnarged, at the 
bottom of the wheel should have a wide and nmntermpted 
passage to run away, for whenever this 'is not the case it ac- 
cumulates and forms a resistance to the action of the backets or 
flat-boards, and thus subtracts just so much from the velocity 
and power of the machine. 

515. Hydraulic, or Water Ram. — This beautiful engine 
was invented by Montgolfier, a Frenchman, (and the same who 
first ascended in a balloon,) in about 1796. 

FIG. 117. 



<0 




Hydraulic or Water Mam. 

The form and construction of this useful machine, which is 
very simple in all its parts, will be understood by Mp. 117. 
Suppose the pipe A, comes from a spring, elevated a few feet 
above the horizontal line B, and that it conveys a constant 
stream of water. At the termination of this pipe, there is a 
valve, called a spindle valve, capable of closing, its orifice when 
drawn upward ; on the spindle /, axe several small weights, by 
which the valve is made to drop' down and remain open when 
the water is still ; the weight of the whole being so nicely ad- 
justed, that the movement of the running water will elevate it 
« 

614. What cautions are nececsary in order to permit any of the wheels deseribed to 
prod jce their faVL effects 1 616.. Who inventea the hydraulic, or water rami "^ 
plain its construction by Fig. 117. 



WATER MTUKKLS. 18T 

place, ana thus stop tlie dischar^. The weight of this 
, a nice point in the construction of the machine, inu8t be 
niflieient to make it rise bj Uie force of the stream, and 
again when the water ceases to flow, thas rising and f;illing, 
n effect causing the ^^A to stop for an instant, and then 
w its motion. 

6. Now water in motion acquires a momentum in propor 

to the length of the eolumn, and the height of the source, 

when in action exerts a force equal to that of a solid Ixxly 

le same length and gravity, pressing downward from tlie 

i elevation. The inelasticity of the fluid gives it tlie projv 

of acquiring motion through the whole length of a tube 

ited at one extremity, whenever only a small portion is 

ved to escape by its own pressure. Hence, when the valve 

18 by dropping down, all the water in the pipe, however 

it may be, instantly moves forward to supply the place of 

which has thus escaped ; and if the pipe is long and the 

tain high, ordinary metallic conductors are burst asunder 

he shock whenever the stream is interrupted. It is on these 

ci[)les of the force of water, that the Hydraulic Ram is 

ded ; for when the^stream is stopped by the rising of the 

e, as already explained, an outlet is provided by another 

e, w, opening uj)ward into an air vessel, having a discliarg- 

pipe, X, and consequently when the spindle valve, ^ is elosed, 

valve instantly opens, and the water is thrown with great 

e into the air ves^l, and through the discharging pijKj to 

place where it is wanted. The stream being thus int<.*r- 

ted, and the water becoming still under the lower valve, this 

antly opens by falling down, tlius allowing the fluid to dis- 

rge itself at r, when the motion again raises the valve, and 

J stopped, the valve u being raised for its escape as before ; 

I thus this curious machine, if well constructed, will act with 

other power or help, but a little stream of water, for weeks 

months. 

517. This engine affords the most efficient, cheap, and con- 
sent means of raising water, for ornamental or farming pur- 
ses, ever invtjnted. A spring on a hill near the house, or a 
ming brook with an elevation of a iew feet, is all the power 
juired to supply an abundance of water for any private, or 
3n public establishment Mr. Millington, who erected many 



16. On what does the momentum of water in a tube depend ? What is said of the 
•tion of the water in the tube 1 517. What is said of the economy and convenience 
Jie water ram ? To what heiglits will it throw water in proportion to the falll 
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of these machiDes in England, states, that a veiy inrignificaat 
pressing column is capable of raising by the water ram, a veij . 
nigh ascending one, so that a sufficient fall may be obtained in 
almost any running brook, by erecting a dam at its upper end 
to produce a reservoir, and then carry the pipe down the natunl 
channel until a sufficient fall is obtained. In this way a rani 
was made to raise one hundred hogsheads of water to the hei^t 
of 134 feet, in 24 .hours, with a fall of 4tjt feet 

518. Deaf and Dumb Asylum. — ^The Deaf and 'Dumb Asy- 
lum, of Hartford, Ct., is supplied with water by means of Hy- 
draulic rams, of which there are three, in case of accidents, thoofli 
only two are kept in motion. The water is brought from ue 
Little River, at the distance of half a mile,, and is raised to the 
fourth story of the edifice, a height of 140 feet. The qoaotity 
delivered by two rams is about 35 hogsheads per day. Tbe 
cost of the apparatus, including the stone structure for the rams 
and inclined tubes, was nearly $12,00. 



CHAPTER YII. 

PNEUMATICS. 



519. Tlie term Pneum^tks is derived from the ihtek^ 
pneum^a^wkich signifies bKeatk, or air. It is that science wkkk 
investigates the mechanical properties of air, and other elastic 
fluids. 

Under the article Hydrostatics^ (^13,) it was stated that 
fluids were of two kinds, namely, elastic, and non-elastic, and 
that air and the gases belonged to the first kind, while water 
and other liquids belonged to the second. 

520. The atmosphere which surrounds the earth, and in 
which we live, and a portion of which we take into our 1ud« 
at every breath, is called air, while the artificial products whidi 
possess the same mechanical properties, are called gases. 

When, therefore, the word, air is used in what follows, it will 
be understood to mean the atmosphere which we breathe. 

521. Air in all Porous Substances. — Every hollow, crevice, 

619. What is meant by pneumatics ? 620. What is air ? What is gas 1 621. Wlul 
is meant when it is said that a Tessel is filled with air 1 Is there any dilBciUlj to f» 
pelling the air frdm ressels 1 
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nre, m solid bodies, not filled with a liauid, or some other 
anoe, appears to be filled with air ; thus a tube of any 
h, the bore of which is as small as it can be made, if ki* pt 
, will be filled with air ;. and hence, when it is said that a 
I is filled with air, it is only meant that the vessel is in its 
ATj state.' Indeed, this fluid finds its way into the most 
lie pores of all substances, and can not be expelled and 
out of any vessel, without the assistance of the air-pump, 
me other mechanical means. 

:2. EUuiicity of Air, — By the elasticity of air is meant its 
g, or the force vrith which it reacts, when compressed in a 
vessel. It is chiefly in respect to its elasticity and light- 
that thB mechanical properties of air differ from those of 
r, and other liquids. 

!3. Elastic fluids difler from each other in respect to the 
laneney of the elastic property. Thus, steam is elastic only 
3 its heat is continued, and on cooling, returns again to the 
of water. 

U. Some of the gases, also, on being strongly compressed, 

thcfir elasticity, and take the form ^ liquids. But air differs 

. these, in being permanently elastic ; that is, if it be com- 

aed with ever so much force, and retained under compression 

kny length of time, it does not therefore lose 

lasticity, or disposition to regain its former 

:, but always reacts with a force in propor- 

to the power by which it is compressed. 

25. Compression by Experiment — Thus, if 

strong tube, or barrel, Fig. 118, be smooth, 

equal on the inside, and fiiere be fitted to it 

sohd piston or plug. A, so as to work up and 

Ti, mr-tight, by the handle B, the air in the 

rel may be compressed into a space a hundred 

es less than its usual bulk^ Indeed, if the 

jel be of sufficient strength, and the force em- 

yed sufficiently great, its bulk may be lessen- 
a thousand times, or in any proportion, ac- 

ding to the force employed ; and if kept in 

i state for years, it will regain its former bulk 

J instant the pressure is removed. 

526. Thus, it ib a general principle in Pneumatics, that mir is 

npressible in proportion to tlie fon^e emjJoy'rd. 

22. What M meMitbf fbe datfieitr «r air 1 Ua. litnr 'Vm* »»■ differ from m 
l^me of tli«-f»M«. to r«««* to to «to*ic*y1 ^. tH^m ^J^J^ "^ 
ItHy beirif compnmtdt ttK. ExplwA br r« lU. tM/w aur a^ be 
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527. Expansion of the Air, — On the oontraiy, when tin 
usual pressure of the atmosphere is removed from a pcrtioii of 
air, it expands and occupies a space larger than before; andli 
is found by experiment, that this expansion is in a ratio, as the 
removal of the pressure is more or less complete. Air also eir 
pands or increases in bulk, when heated. 

528. If the stop-cock, C, Fig, 118, be opened, the pisUm, A» 
may be pushed down with ease, lecanse the air contained in 
the barrel will be forced out at the apertnre. Suppose the pis- 
ton to be pushed down to within an inch of the bottom, and* 
then the .stop-cock closed, so that no air can enter bek>w it 
Now, on drawing the piston up to the top of the barrel, the 
inch of air will expand and fill the whole space, and were this 
space a thousand times as large, it would still be filled with the 
expanded air, because the piston removes the pressure of the 
external atmosphere from that within the barrel. 

529. It follows, therefore, that the space which a given pQ^ 
tion of air occupies, depends entirely on circumstances. If it ■ 
under pressure, its bulk will be diminished in exact proportion; 
and as the pressure is removed, it will expand in proportion, ao 
as to occupy a thousand, or even a million times as much space 
as before. 

530. Weight of Air, — Another property which an* poflsenee 
is weight, or gravity. This property, it is obvious, must be 
slight, when compared with the weight of other bodies. But 
that air has a certain degree of gravity in common with other 
ponderous substances, is proved by direct experiment. Thus if 
the air be pumped out of a close vessel, and then the vessel be 
exactly weighed, it will be found to weigh more when the air is 
again admitted. 

531. Pressure of the Atmosphere, — It is, however, the weicht 
^f the atmosphere which presses on every part of the earUi^ 
surface, sAid in which we live and move, as in an oeean, that 
here particularly claims our attention. 

The pressure of the atmosphere may be easily shown by the 
tube and piston. Fig, 119. ^^ 

Suppose there is an orifice to be opened or closed by ihe 
valve B, as the piston A is moved up or down in its barrel. 
The valve being fastened by a hinge on th§ upper side, on 

626. In what proporflon to t^e force employed is the bulk of air lessened? 687. b 
what proportion will a quantity of air increase in bulk as the pressure is removed 
from It? 528. How is this illustrated by Fig. 1181 529. On what circwpstaocei. 
therefore, will the bulk of a driven portion of air depend 1 690. How is it proTed thai 
air has weif tit ? 631. Explain in what manner tne pressure of 'the aUnomhsra k 
«bown by Fif. 119. 
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ng the pistoVi qowh, it will open by the prea- ^^-^^ i^*- 
oi the air against it, and the air will make 
cape. But when the piston is at the bottom 
3 barrel, on attempting to nuse it again, to- 
the top, the valve is closed by tlie iforce of 
xtemal air acting upon it 
2. If, therefore, the piston be drawn up in 
itate, it must be against the pressure of the 
«])here, the whole weight of which, to an ex- 
equal to the diameter of the piston, must be 
I, while there will remain a vacuum or void 
3 below it in the tube. 
^3. If the piston be only three inches in diam- 
it will require the full strength of a man tp draw it to the 
)f the barrel, and when raised, if suddenly let go, it will be 
d back again by the weight of ^he air, and will strike the 
)m with great violence. 

)4. Supposing the surface of a man to be equal to 14-( 
Te feet, and allowing the pressure on each square inch to 
5 lbs., such a man would sustain a pressure on his whole 
ice equal to nearly 14 tons. 

ow, that it is the weight of the atmosphere which 
ses the. piston down, is proved by the ^Eict, that if ite diam- 
be enlarged, a greater force, in exact proportion, will be 
lired to raise it And further, if whan the piston is drawn 
he top of the tube, a stop-cock, as at Fig, 118, be opened, 
the air admitted under it, the piston will not be forced 
m in the least, because then the air will press as much on 
under, as on the upper side of the piston. 
J35. By accurate experiments, an account of which it is not 
essary here to detail, it is found that the weight of tiie at- 
sphere on every square inch of the surface of the earth is 
lal to fifteen pounds. If, then, a piston working air-tight in 
►arrel, be drawn up from its bottom, the force employed, be- 
es the friction, will be just equal to that required to lift the 
ne piston, under ordinary circumstances, with a weight laid 
it equal to fifteen pounds for every square inch of surface. 
530. The number of square inches in the surface of a piston 

32. The force pressing: on the piston, when OTawn upward, is sometimes called 
rfioD. 533. Hnw is it proved that it is the weight of the atmosphere, iiisteatl of 
4ion, which oiakes the piston rise with difficulty 1 534. What is the presscure of 
f atmosphere on the surface of a man 1 535. What is the preswure of the atmos- 
ere on every square inch of surface on the earth 1 536. what is the number of 
luu-e inches m a circle of one foot in diameter ? What is the weight of the atmos. 
ere on the surface of a foot in diameter 1 
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of a foot in diameter, is 113. This being multiplied by tin 
, weight of the air on each inch, which, being 15 pounds, is equal 
to 1695 pounds. Thus the air constantly presses on every sm^ 
&ce, which is equal to the dimensions of a circle one foot in 
diameter, with a weight of 1695 pounds. 
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537. The air pump is an engine by which the air am hi 
pumped out of a vessel, or withdrawn from it The vessel 90 
exhausted, is called a receiver, and the space thus Irft tn iiU 
vessel, after withdratoing the air, is called a vacuum. 

The principles on ^ which the air pump is constmcted are 
readily understood, and are the same in all instramenta of this 
kind, though tEe form of the instrument itself is often consider- 
ably moditied. 

539. The general princ*ples of its 
construction will be comprehended 
by an explanation of Fig, 120. In 
this figure let R be a glass vessel, or 
receiver, closed at the top, and open 
at the bottom, standing on a per- 
fectly smooth surface, which is called 
the plate of the air pump. Through 
the plate is an apertujjp, which com- 
^lunicates with the inside of the re- 
ceiver, and the barrel of the pump. 
The piston-rod works air-tight 
through the barrel. At the extrem- 
ity of the barrel, there is a valve which opfens upward, and u 
closed as the piston rises. 

539. Now suppose the piston to be drawn up, it will*dieB 
leave a free communication between the receiver R, through ibf 
orifice to the pump-barrel in which the piston works. IRieii if 
the piston be forced down, it will compress the air m, the band 
between V and V, and, in consequence, the valve E will be 
opened, and the air so condensed will be forced out On draw- 
ing the piston up again, the valve will be closed, and the ex- 
ternal air not bemg permitted to enter, a partial vacuum will 
be formed in the barrel, from V to V. When the piston riaOB 
again, the air contained in the glass vessel, together with tiiaft 
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637. What i« an airpump 1 638. Give the names of tber different parts of the air 
pump bj Fig. 120. B39. Show the manner in which the air pump work* to ; 
a Tacoum. 
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le passage between the veflsel and the pnmp-barrcl, will 
in to fill the vacuum. Thus, there will be less air in the 
!e space, and consequently in the receiver, than at fin<t, be- 
3 all that contained in the barrel is forced out at every 
[6 of the piston. X)n repeating the same process, that is 
ring up and forcing down the piston, the air at each tinio in 
receiver will become less and less in qftmtity, and, in conse- 
ice, more and more rarefied. For it must be understooil, 
although the air is exhausted at every stroke of the pump, 
which remains, by its elasticity, expands, and still occupio.^ 
whole space. The quantity forced out at each successive 
(e is therefore diminished, until, at last, it no longer has 
eient force before the piston to open the valve, when the 
lusting power of the instrument must cease entirely. 
iO. Now it will be obvious, that as tlie exhausting power of 
air pump depends on the expansion of the air within it, a 
^ect vacuum can never be formed by its means, for so long 
xhaustion takes place, there must be air to be forced out, 
when this becomes so rare as not to force open the valves, 
I the process must end. 

DOUBLE-ACTINO AIR WfSF. 

41. The double air pump has two similar barrels to that 
ve described, and therefore the process of exhaustion is per* 
oed in half tiie time. 

.Tiis is represented by Fig, 121, where P P are the cylinders 

brass, in which the pistons work, and of which V V are the 

ves. The piston rods, E £, are toothed to correspond with 

teeth of the wheel W, which is worked by the crank D. 

B exhausting tube T, also of brass, opens by the valves V V, 

3 the cylinders. This has sl stop-cock, C, to prevent the ingress 

air after the vacuum is made, in case the pistons leak. The 

eiver, R, is of glass, ground to fit, air-tight, to the plate of 

isB on which it stands. The exhausting tube opens at O, 

o the iiiterior of the receiver. The barometer tube H, at its 

per end opens into this tube, while at the lower end, M, it is 

;erted into a cup of mercury. 

542. The barometer tube is designed to show the degree of 
baustion, in the receiver, with which it communicates, as 
own in the figure. As the exhaustion proceeds, the external 



MO. Will the air pamp form a perfect vacaum 1 Why not 1 641. Name the ser. 
il parts of the double-actinf air pump hj Flf . 121, and show how it worlcs. 649 
hat ia the me of the barometer tube, aa ^>plled to the air pump 1 







I the mercury in the cup, elevates that in th« 
tube, in proportion to the rarety of the air in the receiver. 

Aetirm. — The manner in which the double pump Kcte, ii ex- 
actly similar to the single one, only that it has two btureli, oi 
cylinders, instead of one. It is, therefore, unneceaaary to repeat 
the explanation given under the last figure. 

643. External View of the Air Pump. — Having explained 
the principles and action of the air pump, by figures Bnowing 
its interior construction, we here present the student wit& an 
external view. Fig. 122, of the whole machine. 

644. It is a small single-barrel pump, those with in*re bar- 
rels being of course more complex in structure, and less eatilj 
understood. The harrel, A, is seven inches high and two in 
diameter; \i\^ plate, K, is eight inches in diameter; tbe^toR 
rod, B, works air-tight by means of the packing screw J, whidi 
is fitted to the barrel case, I. The piston is Vept perpendicnlar 
by the guide E, through which it works ; the fulcrum prop, H, 
is eighteen inches high, and the parallel rods, D, connect the 
pbtun rod and cross-head, C, with the lever. 

The dome cap, I, contains a valve opening upward, for tiip 
escape of the air when the piston rises, This is the only valrr 
in this pump, exce]:t that in the piston, which, as already showD, 
opens to admit the expanded air from the receiver, and force it 




Single- Barret Air Pump. 



,t the upper valve. To tii« dome cap, above the valve, is 
. a curvid tube, leading to the cistern, F ; its use >a to re- 
the waste oil tvhich may escape from- that used to lubricate 
liaton. Th ' globular bell-glaet, or receiver, L, ta fitted by 
ling to the brass plate od which it stands ; the "haromster 
«, O, contains mercury, and comrouuicates with the tube 
Dg &om the barrel to the receiver ; this shows by its scale 
; proportion of air is exhausted from the receiver; within 
receiver there is seen a protuberance, showing the end of 
nchausting tube, and into which may be screwed receivera 
ibee for various experiments. 

16. Upward Atkobphsrio Pebsbuee.— The atmosphere, 
e have seen, prewes in every direction. Its upward pressure 
lowo by the apparatus, Fig. 123. 

consists of a hand ur pump, a, with a valve opening up- 
\, notshown. This pump is attached to a cyhnder of larger 
6, in which is the piston, e, to which a 56-Ib. weight is 
died by a cord- This piston must be air-tight, and at the 
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lower part of the cylinder when 
the experiment bq^ns. Now, 
on working the pump, a vacu- 
um is formed between the pis- 
tons in the cylinder b^ and con- 
sequently the pressure of the 
air on the under part of c, the 
cylinder being open, forces it 
upward, drawing the weight 
with it On admitting the air 
into the large cylinder, from 
above, the weight instantly de- 
scends, showing that it is the 
pressure of the atmosphere 
from below which sustained 
the weight 

646. I. If a withered apple 
be placed under the receiver, 
and the air is exhausted, the 
apple will swell and become 
plump, in consequence of the 
expansion of the air which it contains within the skin. 

II. Ether, placed in the same situation, soon begins to boil 
without the influence of heat, because its particles, not having 
the pressure of the atmosphere to force them together, fly o£f 
with so much rapidity as to produce ebullition. 

III. If a bladder partly filled with air, and the neck well se- 
cured, has the external air exhausted, that within will so expand 
as to burst the membrane. 

TV. If a flask partly filled with water, be placed, with iia 
neck in a jar of the same fluid, under the receiver, the rarefied 
air within the flask will drive the water out, but it will rush in 
again when the air is again let into the receiver. 

V. If a burning taper be placed under it, the flame soon 
ceases for want of oxygen to support it For the same reason 
no light is seen from the collision of flint and steel in a vacuum. 

VI. If a bell be struck under the receiver, the sound will 
grow faint as the air is exhausted, until it is no longer audible. 
See Acousties. 

547. Magdehurgh Hemispheres. — One of the most striking 



646. Wby docs an apple placed in the exhaaeted reeeiTer prow plump 1 Why does 
•Iher boil in the same ntuation 7 Why does flame ceaae in a. vacuum 1 Why is a 
WU inaudible in a Tacttum 1 647.^«Boribe the Magdcborgh hemispheres. 
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iUastradoM of dtmoephenc pr€Mure b 
made by means of the before n&mecl ia- 
strunient, Fig. 134. It coiuiste of two 
hemispheres of britas, A and B, fitted to 
eacli other by grinding, so that when put 
together they perfectly exclude the air. 
When put togethcT without pTcparation, 
or in the osual manaer, they hold no 
stronger than the parte of a flnuff-box; 
bnl when the air is exhausted from within, 
H will take two strong men, if the diam- 
eter of the hemispheres are six incites, to 
' pull them apart. The air is exhausted by 
unscrewing the lower handle and connect- 
ing that part with the exhausting tube of 
the air pump, and then by turning the 
key its return is prevented. 

£48. The amount of force required to 
separate them, will of course depend on 
their diameter and may be calculated by «H'"^t» Bmiv''«m 
estimating the pressure to be equal to fif- 
teen pounds for every square inch of sur&ee, this, as we taw 
seen, (636.) being the pressure of the atmosphere. 

£49. The same principle is involved no. ii&, 

when a piece of wet leather, with a 
string in the center, is pressed on a 
smooth stone, and then pulled by the 

650. Expansion Fount AiK. — Avery 
pretty experiment is made, with the 
air pump, by means of the apparatus, 
Fig. 125. 

It consists of two glass globes, the 
upper one, a, being open at the top, 
and furpished with a stop-cock and jet 
tube, reaching neariy to the bottom of 
the lower globe. 

The lower one, being nearly filled 
with some colored liquid, the upper 
one, with the jet, is screwed to it, as 
seen in the figure. 
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Thus prepared, they are placed under the recdvei^of the av 
^ump, and as the air is exhausted, that contained in the lower 
globe expands, and forces the liquid through the tube into tlie 
upper globe. On admitting the air into the receiver, the fluid 
agaiik returns into the lower one, and this may be repeated bbj 
numbeiL of times, affording a Very interesting experiment. 
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551. The operation of the coridenser is the reverse i^ that i^tkf 
air pump, and is a much more simple machine. The. air pmnp^ 
as we have just seen, will deprive a vessel of its ordinaiy quan- 
tity of air. The condensef, on the contrary, will doulue or 
treble the ordinary quantity of air in a dose vessel, according to 
the force employed. 

This instrument, Fiff. 126, consists of a pump- 
barrel and piston, A, a stop-cock B, and the vessel 
C, furnished with a valve opening downward. 
The orifice, D, is to admit the air, when the pis- 
ton is drawn up to the top of the barrel. 

552. To describe its action, let the piston be 
above D, the orifice being open, and therefore the 
instrument filled with air, of the same density as 
the external atmosphere. Then, on forcing the 
piston down, the air in the pump-barrel, below 
the orifice D, will be compressed, and will rush 
through the stop-cock, B, into the vessel C, where ' 
it will be retained, because, on again moving the 
piston upward, the elasticity of the air will close • 
the valve through which it was forced. On draw- 
ing the piston up again, another portion of air 
win rush in at the orifice D, and on forcing it Confieruer. 
down, this will also be driven into the vessel C ; 

and this process may be continued as long as sufficient force is 
applied to move the piston, or there is sufficient strength in the 
vessel to retain the air. When the condensation is finished, the 
stop-cock B may be turned, to render the confinement of the air 
more secure. 

553. Air Gun.— The magazines of air guns formerly con- 
sisted of a copper ball, which after being charged with condensed 
air, was screwed to the barrel, presenting an unseemly and in- 



561. How does the condenser differ from the air pump 1 682. Ejcplain Pi|r. ]2S,iui4 
■how in what manner the air is condensed. 663. Explain the. principle of ^ dr 
son. 
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eunTenient appenilage. Tlmt here described, 
is ft more recent and greatly improTed iaven- 

In this, the breach of the gun is made of 
copper, and without much increasing the aice, 
answers for the masanne, while the barrel 
serves as the tube of the condenser. 

554. At A, Fig. 127, tiie barrd is Mrewed 
on to the breach, in which the air is condensed, 
bj means of the piston, rod, and handle, as 
shown by the figure. 

The piston is then withdrawn, the condensed 
air being prevented from escape by the valve, 
opening outward, as shown by the figure. 

The ball being introduced, is fired by pull- 
ing back the trigger, which opens the ndve, 
and allows a portion of the air to escape. 

The velocity and force of the ball will de- 
pend o» the amount of condensa^n in the 
magazine, and the smaller the tube and piston 
by which this is made, the greater of countf 
will be the density of the confined air, and the 
more powerful the force by which the ball ts 
impelled. Where the piston is no more than 
half or three quarters of an inch in diamet«r, 
it is said the ball will have a force not much 
short of that of a muakct-Bhot. 

565. Bottle Imp. — A curious philosophical Afr Oim. 

toy, can«d the Bottle Imp, shows in a very 
striking manner the efiecia of condensing a small portion of aar. 

Procure a glass jar, with a neck, aa represented bj Mff, 128, 
also a piece of India rubber, and a string to secure it over the 
mouth of the jar, so that it shall be perfectly air-tight Nex^ 
take a piece of glass tube, about three-eighths of an inch in 
diameter, and with a file cut off pieces an inch long, and into 
one end of each put a cork stopper of such size as to make most 
of the cork'swim on the surface when the tube ia placed in the 
water. The tubes must now be partly filled with w^ter, so that 
they win just baluice themselves in the fluid without sinking, 
the ^r remaining in their upper halves. 

Having ptapared the tul«s -with their corks in this manner, 

irawaboUI GK. Bipliln ths muuT « 



150 



and placed them in the jar nearly filled with water, •'®- **• 
tie o^ the rubber cap with a good long string, so 
that no air can escape, and this little apparatus is 
finished. 

Now press upon the rubber with the hand, and 
the floating tubes will immediately begin to de- 
scend, and will strike the bottom of the jar, one 
after the other, with an audible stroke, and will 
rise again when the pressure ceases. 

Many a philosophical head, on seeing this ex- 
periment for the first time, has been puzzled to 
assign any cause why these little objects should fiUl 
and rise in this manner, the hand not going near 
them, there being several inches of air between the 
cap and the water. 

556. The explanation will be obvious on sotting 
the jar between the light and the eye, and watch- Botue /^. 
ing a tube when the pressure is made, for the wa- 
ter will be seen to rise in it at the moment it begins t« fall, and 
sink again as it rises. The pressure of the hand is transmitted 
through the elastic rubber and air, to the water, and so to the 
air in the tube, which being thus condensed, takes in more wa- 
ter than its buoyancy can sustain, and it sinks — ^rising again 
when the air is allowed to expand, and drive out the water. 
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657. The Barometer is an instrument wkichj by means of a 
column of mercury in a glass tube, shows, by its elevation qnd 
depression, the different degrees of atmospheric jrressure, 

558. Suppose A, Fig. 129, to be a long tube, with the piston 
B so nicely fitted to its inside, as to work air-tight. If the 
lower end of the tube be dipped into water, and the piston 
drawn up by pulling at the handle C, the water will follow the 
piston so closely, as to be in contact with its surface, and ap- 
parently to be drawn up by the piston, as though the whole 
was one solid body. K the tube be thirty-five f^et long, the 
water will continue to follow the piston, until it comes to the 
height of about thirty -three feet, where it will stop. 

559. If the piston be drawn up still further, the water will 

» ■ ■ ■ - ^-^__— ^ 

556. Explain the reason why the floats in the water imp are influenced by the pre» 
sure 557. What is the barometer ? 558. 8upi ose the tube, Fi|r 129, lo stand with 
Its lower end in the water, and the piston A to be drawn upward thirty -fiTe feet, how 
Ur will the water follow the piston 1 669. What will remain in the tnbe between Um 
piston and the water, after the piston rises higher than thirty-thr«e I'eet 1 
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ibllow it^ but will remain stationary, the 

« from this height, between the pfffton and 

water, being left a void space or vacuum. 

60. The rising of the water in the above 

, which .only involves the principle of the 

mon pump, is thought by some to be caused 

uctionj the piston sucking up the water as it is 

ivn upward. But according to the common 

on attached to this term, there is no reason 

r the water should not continue to rise above 

thirty-three feet, or why the power of suc- 

should cease at that point, rather than at 

other. 

iOl. Without entering into any discussion 

the absurd notions concerning this power, it 
ufScient here to st^ite, that it has long since 
n proved, that the elevation of the water, in 

case above descrilH?d, depends entirely on 

weight and pressure of the atmosphere on 
t portion of the fluid which is on the outside 
iie tube. Hence, when the piston is drawn 
under circumstances where the air can not 

on the water around the tube, or pump- 
Tel, no elevation of the fluid will follow. 
562. If an atmospheric pump, or even the suction-hose of a 
} engine, be inserted into the side of a tight cask filled with 
id, all the force of what is called suction may be exert(»d l»y 
3 pump or engine in vain ; for the liquid will not rif»e until ?m 
erture, admitting the atmosphere, is made in some part of tlin 
sk. It may be objected that well?, though covered sovenil 
it deep with earth, still admit water to be drawn from them 
' pumps, with all the facility of those which are open. But it 
ust be remembered that the ground is porous, admitting the 
mosphere to an unknown depth from the surface, and hence 
ells can not be covered by any common means so as to ex- 
ude sufficient atmospheric pressure for the purpose in question, 
hat the pump will not raise water without the influence of the 
iraopphere, will be seen by the following experiment. 

603.. Proq/" that the Pump acts by External Pressure.- 
upjjose Pig. 130 to be the sections or halves, of two tubes, one 

there 

the true 

663. 
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within tlie other, the outer one being tnude en- 
tireij clwri, GO as to admit no air, apd the space 
between tbe two being also made air-tjght at tiie 
top. Su|)po^e, also, that the inner tube being left 
op«n at the lower end, does not reach the bottom 
of the outer tube, and thus that an open space be 
left between the two tubes every where, exc«pt at 
thtir upper ends, where they are fastened to- 
gether ; and suppose that there is a valve in the 
piston, opening upward, so as to let tlie airwbich 
it contains escape, but which will close on draw- 
ing the piston upward.. Now, Itt the {liston be 
at A, and in this nUita pour water through the 
stop-cock, C, until the inner tube in filled up to 
the piston, and tlie space between the two tubes 
filled up to the same point, and then let the stop- 
cock be closed. If now the piston be-drawn up 
to the top of the tube, the wat<;r will not follow 
it, as in the case of Ftp. 128; it will only rise a 
few inches, in consequence of the. elasticity of the 
air above the water, between the tubes, and in 
the space above the water, there will be formed a 
vacuum between the water and the piston, in the 
inner tube. 

The reason why the result of this experiment difFerB from thiit 
before described, is, that the outer tube prevents the pressure of 
the atmosphere from forcing the water up the tube as thi> piston 
rises. This may be instantly proved, by opening the etop-cock 
C, and permitting the air to press upon tlie water, when it will 
be found, that as the air 'nishes in, the water will rise and fiU 
the. vacuum, up to. the pi^tou. 

664. For the same n^ason, if a common pump be placed in a 
cistern of water, and tlie water is frozen over on its surface, M 
that no air can press upon the fluid, the pia.lon of the pump 
might be worked in vain, for the water would not, as uBual, 
obey its motion. 

565. It follows, as a certain conclusion from such experi- 
ments, that when the lower end of a tube is placed in mtiei; 
and the air from witliin remo^■ed by drawing up the. pislcii, 
that it is the pressure of tlie atmosphere on the water around 
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^ tabe, which fimns the fluid up to fill die space thus left hf 
the air. 

566. It 18 also proved, that the weighty or pressure of the at- 
mosphere, is equal to the weight of a perpendicuUr column of 
water 33 feet high, for it is found {Fiff, 129) that the pressure 
of the atmosphere will not raise the water more than 33 feet, 
though a perfect vacut^ be formed to any height above this 
point. 

567. Experiments on other fluids, prove that this is the 
weight of the atmosphere, for if the end of the tube be dipped 
in any fluid, and the air be removed from the tube, above the 
fluid, it will rise to a greater or less height than water, in pro* 
portion as its specific gravity is less, or greater than that flilid. 

568. Mercury, or quicksilver, has a specific gravity Of about 
I3i times greater than that of water, and mercury is found to 
rise about 29 inches in-a tube under the same circumstances that 
water rises 33 feet Now, 33 feet is 396 inches, which being 
divided by 29, gives nearly 13^^, so that mercury being 13} 
times heavier than water, the water will rise under the same 
prepare 13^^ times higher than the mercury.. 

569. Construction of the Barometer, — 
The barometer is constructed on the princi- 
ple of atmospheric pressure* This term is 
compounded of two Greek words, baros^ 
weight, and metron, measure, the instrument 
being designed to measure the weight of the 
atmosphere. 

Its construction is simple and easily un- 
derstood, being merely a tube of glass, nearly 
filled with mercury, with its lower end placed 
in a dish of the same fluid, and the upper 
end furnished with a scale, to measure th^ 
height of the mercury. 

570. Let A, Fig, 131, be such a tube, 
thirty- four or thirty-five inches long, closed 
at one end, and open at the other. To fill 
the tube, set it upright, and pour the mer- 
cury in at the open end, and when it is en- 
tirely fiill, place the fore-finger forcibly on 
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£66. How is it proTed that the pressare of the atmosphere Is eaual to the weifirht of 
t columo of water 33 feei high ? 667. How do exp<>riineDt8 on orher flaids show that 
die prefKure of the atmosphere is equal t^ the weifrbt of a column of water 33 feet 
hitbl 668. How high does mercurv rise in an exhausted tubel How does tht 
height of mercury in tht) barometer iodicatetbat of water 1 
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this end, and then plunge the tube and finger tinder the sarb^ 
of the mercury, before prepared in the cup, B. Then .withdraw 
the finger, taking care that in doing this, the end of the tube » 
not raised above the mercury in the cup. When the finger 
is removed, the mercury will descend four or five inches, and 
after several vibrations, up and down, will rest at an elevation 
of 29 or 30 inches above the surface of jbhat in the cup, as at G 
Having fixed a scale to the upper part of the tube, to indicate 
the rise and fall of the mercury, the barometer would be fin- 
ished, if intended to remain stationary. It is usual, howevw, to 
have the tube inclosed in a mahogany or brass case, to prev^t 
its breaking, and to have the cup closed at the top, and rastened 
to the tube, so that it can be transported without danger of 
spilling 'the mercury. 

671. Cup of the Portable Barometer, — ^The cup of the port- 
able barometer also differs from that described, for were the 
mercury inclosed on all sides, in a cup of wood, or brass, the air 
would be prevented from acting upon it, and therefore the in- 
strument would be useless. To remedy this defect, and still 
have the mercury perfectly inclosed, the bottom of the cup is 
made of leather, which, being elastic, the pressure of the atmos- 
phere acts upon the mercury in the same manner as though it 
was not inclosed at all. 

672. Below the leather bottom, there is a round plate of 
metal, an inch in diameter, which is fixed on the top of a screw, 
so that when the instrument Ls to be transported, by elevating 
this piece of metal, the mercury is thrown up to tie top of the 
tube, and thus kept from playing backward and forward, when 
the barometer is in motion. 

673. A person not acquainted with the principles of this in- 
strument, on seeing the tube turned bottom upward, will be 
perplexed to understand why the mercury does not follow the 
common law of gravity, and descend into the cup ; ' were the 
tube of glass 33 feet high, and filled with water, the lower end 
being dipped into a tumbler of the same fluid, the wonder would 
be still greater. But as philosophical facts, one is no more 
wonderful than the other, and both are readily explained by tho 
principles above illustrated. 



669. What is the principle on which the barometer is constructed 1 570. Dowribt 
the construction ofthe barometer, as represented by Fig. 131. 571. How is thecii|i 
of the portable barometer mode so as to retain the mercury, and still allow the air to 
press upon it 1 672. What is the use of the metallic plate and screw, under the bot- 
tom ofthe cup 1 573. Explain the reason why the mercury does not fkll out ai dM 
barometer tube when its open end is downward. 
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74. Water Baroiibtkr. — ^It has alreadj been shown, (563,) 

it 18 the pressure of the atmosphere on the fluid around 

tube, by which the fluid within it is forced upward, when 

pump is exhausted of its air. The pressure of the air, we 

! also seen, is equal to a column of water 33 feet high, or 

column of mercury 29 inches high. Suppose, then, a tube 

eet high is filled with water, the air would then be entirely 

udei, and were one of its ends closed, and the other end 

led in water, the effect would be the'same as though b<>iii 

i were closed, for the water would not escape, unless the air 

permitted to rush in and fill up its place. The upper end 

ig closed, the air could gain no access in that direction, and 

open end being under water, is equally secure. The quan- 

of water in which the end of the tube is placed, is not essen- 

, since the pressure of a column of water, an inch in diameter, 

^ded it be 33 feet high, is just equal to a column of air of 

inch in diameter, of the whole height of tlie atmosphere. 

nee the water on the outside of the tube serves merely to 

ltd against the entrance of the external air. 

)75. Tiie same happens to the barometer tube, when filled 

h mercurv. The mercury, in the first place, fills the tube 

"fectly, and therefore entirely excludes the air, so that when 

8 inverted in the cup or cistern, all thespdbe above 29 inches 

eft a vacuum. The same effect precisely would be produced, 

re the tube exhausted of its air, and the open end placed in 

3 cup ; the mercury would run up the tube 29 inches, and 

m stop, all above that point being left a vacuum. 

676. llie mercury, therefore, is prevented from falling out 

.the tobft, by the pressure of the atmosphere on that which 

mains in the cistern ; for if this be removed, the air will enter, 

aile tJje mercury will instantly begin to descend. This it 

llf,-d the cistern barometer. 

^77- Wheel Barometer. — ^In the common barometer, the 
se and fall of the mercury is indicated by a scale of inches, and 
mtJis of inches, fixed behind the tube ; but it has been found 
lat vpry slight variations in the density of the atmosphere are 
3t roadily perceived by this method. It being, however, de- 
rable that these minute changes should be rendered more 
i>vious, a contrivance for increasing the scale, called the wheel 
irometer, was invented. 

B74. Ilow hiyh does the fluid stand In the water barometer) 675. What fills tht 
ace above 21) inches, in the barometer tube 1 676. What prevents tne mercury 
im falling out of the barometer tube 1 677. In tha common barometer, now )m\X» 
le and faR of tlie mercury indicated ^ Why was the wheel liaWmeter inventHdl 



618. The whole length of the tuba of the 
wheel barometer, Fiff. 132, from C to A, ia 84 

or 8S inches, and it is filled with mercary, aa 
neual. The mercury rises in the short leg to 
the point o, where there is & sraall piece of 
glass floating on Ita Eurface, to which there 
b attached a silk string, pasain;; over the pul- 
ley p. To the axis of the pulley is fixed an 
iodcx, or hand, and behind this is a graduated 
drcle, as seen in the figure. It is obvious, that 
a very slight variation in the height of the 
miTcury at o, will be indicated by a considera- 
ble motion of the index, and thus changes in 
the weight of the atmosphere, hardly percepti- 
ble bv tlie common barometer, will become 
qnite apparent by this. 

679. SeiffhtB Measured by Ihe Baromeler. — 
The mercury in the barometer tube being sus- 
twned by the pressure of the atmosphere, and 
its medium altitude at the surface- of the earth 
being 29 to 30 inches, it might be expected that if the instra- 
ment was carried to a height from the earth's surface, the mer- 
cuiT would suffer a proportionate fall, because the pressure must 
be less at a distance from the earth, Uian at its surface, and ex- 
periment i>roves this to be tlie case. When, therefore, thb 
instrument is elevated to any considerable height, the descent 
of the mercury becomes pw'ceptible. Even when it is carried 
to the top of a hill, or high tower, there is a sensible depression 
of the fluid, so that the barometer is em[>luyed to measure the- 
height of mountains and the elevation to which balloons ascend 
fhim' the surface of the earth. On the to]> of Mout Uliwt^ 
which is about 16,000 feet above the level of the sea, the me- 
dium elevation of the mercury in the tube is only 14 inchf^ 
while on the surface of the earth, as above stated, it is 29 la 
30 inches. 

680, Diminution of Density. — The following table shows at 
what rate the atmosphere decreases in density, as' indicntcd by, 
the barometer. A part of tliese numbers are from actual <.(>■ 
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servBtions made from ascents in balloons, ana a part from esti- 
mates. The medium pressure of the atmosphere, at the level 
of the sea, is estimated at 30 inches, and is expressed by 0. 
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30.00 


50J0 


1 


24.61 


35.0 


2 


20.07 


19.5 


3 


16.35 


3.4 


4 


13.06 


13.3 


5 


10.41 


30.6 


10 


2.81 


126.4 


15 


.45 


240.6 



Thus, according to this estimate, at the height of fifteen miles, 
the mercury falls to less than hsdf an inch, while the cold is 
equal to 240 degrees below the zero of Fahrenheit. 

581. Principles of the Barometer applied to the Water 
Pump. — As the efficacy of the pump depends on the pressure 
of the atmosphere, the barometer will always indicate the height 
to which it can be effectual at any given place. Thus, on Mont 
Blanc, where the barometer stands at only 14 inches, being less 
than one-lialf its height on the sea level, the water pump would 
only raise the fluid about 1 5 feet Hence, engineers and others, 
who visit elevated countries, should calculate by the barometer, 
from what depth they can raise water by aerial pressure, before 
they erect works for this purpose. 

At the city of Mexico and at Quito, for instance, the suction 
tube can only act to the depth of 22 or 20 feet, while on the 
Hiraalay mountains its rise will be only about 8 or 10 feet 

582. Use as a Weather Glass. — While the barometer 
stands in the same place, near the level of the sea, the mercury 
seldom or never falls below 28 inches, or rises above 81 inches; 
its whole range, while stationary, being only about 3 inches. 

583. These changes in the weight of the atmosphere, indi- 
cate corresponding changes in the weather, for it is found, by 
watching these variations in the height of the mercury, that 
when it &lls, cloudy or ^ling weather ensues, and that when 

6B1. How hfj^h will the pump raise water on Mont B)snc1 To what height m 
Mexii'O and Quito 1 562. How many inches does a fixed barometer vary in height 1 
6B3. When the mercary falie, what kind of weather is indicated 1 When the mer- 
eory i ses, what kind of wej»ther mav be expected 1 When fog and smoke desceixl 
lowara the ground, is it a sign of a light or heavy atmosphere 1 
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it rises, fine clear weather may be expected. Dunng the time 
when the weather is damp and lowering, and the smoke of 
chimneys descends toward the ground, the mercury remains de- 
pressed, indicating . that the weight of the atmosphere, daring 
such weather, is less tlian it is when the sky is clear. Tliis con- 
tradicts the common opinion, that the air is the heaviest when 
it contains the greatest quantity of fog and smoke, and that it 
is the uncommon weight of the atmosphere which presses these 
vapors toward the ground. 

584. A little consideration will show, that in this case the 
popular belief is erroneous, for not only the barometer, but all 
the experiments we have detailed on the subject of specific grav- 
ity, tend to show that the lighter any fluid is, the deeper any 
substance of a given weight will sink in it Common obserra- 
tion ought, therefore, to correct this error, for every body knows 
that a heavy body will sink in water, while a light one will 
swim, and by the same kind of reasoning oucht t^ consider, 
that the particles of vapor would desoend through a light atmos- 
phere, while they would be pressed up into the higher regions 
by a heavier aif. 

585. The following indications of the barometer with reroeet 
to the weather, mdy be depended on as correct, being tested hj 
the observations of the author : — 

I. In calm weather, when the wind, clouds, or sun, indicate 
approaching rain, the mercury in the barometer is low. 

II. In serene, fine, settled weather, the mercury is high, and 
often remains so for days. 

III. Before great winds, and during their continuance, from 
whatever quarter they come, the mercury sinks lowest, and 
especially if they come from the south. 

IV. During the coldest, clear days, when a ffentle wind from 
the north or west prevails, the mercury stands highest. 

V. After great storms, when the mercury has been lowest, it. 
rises most rapidly. 

VI. It often requires considerable time for the mercury to 
gain its wonted elevation after a storm ; and on the contrwy, 
it sometimes rains without the usual corresponding change in- 
its altitude. 

VII. In general, whether there are any appearances of change 
in the horizon or not, we may prognosticate rain whenever the 
mercury sinks during fine weather. 

664. By what analogy ft it shown that the air is lightest when filled with Tsporl 
066. Mention the indici^ons of the hnrometer concerning the weather. 
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^QU, When it rains with the mercurj high, we may be sure 
t it will soon be fair. 

^6. Use at Ska. — ^The principal use of the barometer, is on 
jd of ships, where it is employed to indicate the approach 
itorms, and thus to give an opportunity of preparing accord- 
ly ; and it is found that the mercury suffers a most remark- 
e depression before the approach of violent winds, or hurri- 
es. The watchful captain, particularly in southern latitudes, 
Jways attentive to this monitor, and when he observes the 
rcury to sink suddenly, takes his measures without delay to 
et the tempest Dunng a violent storm, we have seen the 
eel barometer sink a hundred degrees in a few hours. 
587. Preservation by the Barometer. — But we can not illus- 
je the use of this instrument at sea better than to give the 
owing extract from Dr. Amot, who was himself present at 
time. ** It was,'* he says, " in a southern latitude. Tlie sun 
1 just set with a placid appearance, closing a beautiful after- 
>n, and the usual mirth of the evening watch proceeded, 
en the '*aptain's orders came to prepare with all haste for a 
rm. The barometer had begun to fall with appalling ra- 
ity. As yet, the oldest sailors' had not perceived even a 
eatening in the sky, and w^ surprised at the extent and 
rry of the preparations; but the required measures were not 
npleted, when a more awful hurricane burst upon them than 
) most experienced had ever braved. Nothing could with- 
nd it ; the sails, already furled, and closely bound to the 
rds, were riven into tatters ; even the bare yards and masts 
re in a great measure disabled ; and at one time the whole 
;ging had nearly fallen by the board. Such, for a few hours, 
A the mingled roar of the hurricane above, of the waves 
)und, and the incessant peals of thunder, that no human voice 
aid be heard, and amidst the general consternation, even the 
impet sounded in vain. On that awful night, but for a little 
be of mercury which had given the warning, neither the 
'ength of the' noble ship, nor the skill and eneigies of her 
mmander, could have saved one man to tell the tale." 

WATER PUMFB.- 

688. The efficacy of the common pump in raising water, de- 
nds upon the force of atmospheric pressure, the principles of 

S86. Of wliat use is the tarometer on board of ships 1 When does the mercanr 
tkr the most remarkable depression 1 687. What remarkable instance if] elated, 
dare a i^ip soemed to be saved by the use of the barometer 1 68a On what ooea 
e aflkaey of the common pump depend V 
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vhUh have bun fully illustrated under tie arUeitt, Air Pv 

and Barometer. 

6B9. Aji experimeot, of whicb few are ignoraDt, and wbidi 
all can make, shows tlie principle of th^ pump in a veiy nrik- 
ing manner. If one end of a straw be dipped into ft venel of 
liquid, and the other end be sucked, the liquid will rise into tlu 
mouth, and may be swallowed. 

The principles which this experiment iDVoIree ara exacdy tha 
same as those concerned in raising water by the pump, ^la 
vessel of liquid answers to the well, the straw to the pump ko, 
and the mouth acts as the piston, by which the air is remortd. 

Water pumps are of three kinds, namely, the tneking, or ocM^ 
mtm pump, the lifting pump, and the forcing pump. 

690. Common Mbtaluo 
Pump.— This (Fiff_. 133,) no. ua. 

consists of a brass oriron bar- 
rel, A, containing at its up- 
per part a hollow pislOD and 
valve, opening upward. Be- 
low this there is another 
ralve, also opening upward. ■ 
The pipe and stop-cock C, 
are for the purpose of letting 
the water from tbe barrel to 
the tube, which descends into 
the well. 

The action of this pump 
depends on the pressure of 
the atmosphere, and will be 
readily understood by the 
pupil who has learned what 
IB said under the articles air 
pump and barometer. 

5fll. On raising the lever, 
D, the piston, A, descends 
down the barrel, the lower 
valve, B, at the same mo- 
ment closing by the weight 
of the water, while the up- 
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^ne a^iem and lets the water Utrougb. Then, on depresB- 
tiie lever, the piston rises, ite valve cliwin^, and elevaUnj; 
water above it By this action a vacuum would be formed 
green the two valves, did not the lower one open and admit 
wat«r through the pipe nhove it. Tlie lever again hcin^i 
ked, the same process is repeated, and the water is clovulol 
he Bpout in an interrupted stieam. 

lie tube, with tiie atop-cock C, leading from the barrel tu 
pipe, is added for the purpose of letting the water exeai^ 
D the former in cold weather, and thus prevent ila freezing, 

i92. Although, in common language, this i» called tlie buc- 

I pump, stilt it will be observed that the water is elevated 
fuclion, or, in more philosophical terms^ by atmospheric 

ssure, only above the valve A, after which it is raised by U/t- 
up to the Kpout. Tlie water, therefore, is prestied into the 

np-bnrrel by the atmosphere, and thrown out by the power 

Jie lever, 

")93. LiFTiNo Pump. — The no, ist 

ingpump, properly so called, 

: the [lislon in the lower end 

the barrel, and raises the 

ter through the whole dis- 

.ce, by forcing it upward, 

Jiout the agency of the at- 

In the t^iclion pump, the 
issure of the atmosphere will 
se the water 33 or 34 feet, 
d no more, afler which it 
ly be lifted to any height re- 

fi94. FoHCiNO Pump.— The 

rcinff pump differs from both 

OBe, in having ite piston solid, 

without a valve, and also in 
iving ft side pipe, throuc^h ' 
liich the water is forced, in- 
ead of rising in a perpendicu- 
r direction, as in the others. . 

69S. The forcing pump is 
■presented by Fig. 134, where A is a solid piston, working. 
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air-tiglit in its barrel. The tube, C, leads from the barrel to 
the air-vessel, D. Through the pipe, P; the water is thrown 
into the open air. G is a guage, by which the pressure, of tiie 
water in the air-vessel is ascertained. Through the pipe I, the 
water ascends into the barrel, its upper end being furoisheil 
with a valve opening upward. 

To explain the action of this pump, suppose the piston to be 
down to the bottom of the barrel, and then to be raised upwanl 
by the lever L ; the tendency to form a vacuum in the barrel, 
will bring the water up through the pipe I, by the pressure of 
the atmosphere. Then, on depressing the piston, the valve at 
the bottom- of the barrel will be closed, and tiie water, not find- 
ing admittance through the pipe, whence it came, will be forced 
through the pipe C, and opening the valve at its upper end, 
will enter into the air-vessel D, and be discharged through tho 
pipo P, into the open air. 

The water is therefore elevated to the piston-barrel by the 
pressure of the atmosphere, and afterward thrown out by the 
force of the piston. It is obvious, that by this arrangement, 
the height to which this fluid may be thrown, will depend on 
the power applied to the lever, and the strength with which the 
pump is made. 

596. The air-vessel D contains air in its upper part only, the 
lower part, as we have already seen, being filled with water. 
The pii)e P, called the discharging pipe, passes down into the 
water, so that the air can not escape. The air is therefore com- 
pressed, as the water is forced into the lower part of the veaael, 
and' reacting upon the fluid by its elasticity, throws it out of the 
pipe in a continued stream. The constant stream which 9 
emitted from the direction ])ipe of the fire-engine, Is entirely 
owing to the compression and elasticity of the air in its air-ves- 
sel. In pnmps, without such a vessel, as the water is forced 
upward only while the piston is acting upon it, there must be 
an interruption of the stream while the piston is ascending, as 
in the common j)ump. The air-vessel is a remedy for tliis de- 
fect, and is found also to render the labor of drawing tlie water 
more easy, because the force with which the air in the vessel 
acts on the water, is always in addition to that given by the 
force of the piston. 

595. Exptbin Fig 134, and show In what manner the water is brought up throofli 
the pipe I, and afterward thrown out at the pipe P. 596. Why does not theair et> 
Cape from the air-vessel in this pump 1 What effect does the air-veMe) have on tht 
■tream discliarged 7 Why does the air-vessel render the labor of nisiiif the w«Mr 
more easy 1 
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6W. Atuospbbrio abd Fohcibo Pump. — A cniions com 
binstion of the atmospheric and fordng pumpa, is tbe following 
Ms- 135. 

llie atmospheric; is Airnished with a rod fio. as. . 

and piston, with the valve C, opening in the ., j- - 

nsuid manuer. The forcing piston B, is of 
solid metal, working water-tigh^n ita bar- 
rel. Tlie barrels are joined below tlie valve 
D, tiieir pistons being also connected by a 
crojs-bar. A, between the rods, so that the/ 
rise and fall Wither. 

Now when the lever is depressed, and the 
pistons raised, the water above the valve C 
IS discharged at the spout in the manner of 
the common suction pump, and tbe space 
b filled hy atmospheric pressure through 
the lower valve D, by the suction pipe. 
When the pistons descend, this valve closes, 
and the solid piston B, drives the water 
through the valve C, and above that piston 
and to the spout. Thus one piston operates 
when the lever rises, and the other when it 
&lla, producing in effect a constant stream 
of water from the spout. 

In the constfuctjon of this pump, it should 
be considered that aa both cylinders are 
■* filled at the same time, tlie suction pipe 
ought to be large in proportion, ■■■» — -'■■ 

596. Stomach Pumi-.— The design of 
this pump, of which there are several varieties, is to throw a 
fluid into the stomach, and again lo withdraw it without chang- 
ing the apparatus, but only its position. In cases of poisoning, 
the contents of the stomach may thus be diluted and withdrawn, 
including the deleterious matter, and thus the life of the indi- 
vidual be saved. 

£99. That here described is from tbe Journal of tjie Franklin 
Institute. It consists of a common metallic syringe. A, Fiff. 
186, screwed to a cj'hndrical valve-box, B, which contains two 
oroid cavities, in each of which ther^ is a loose, sphprical me- 
tallic valve. The ends of tbe cavities are pierced, and the valves 

EOT. Wh«l l( the dllftrencB bHwKn the pump, Wi. 136, ■nd Ihe common Elmo*. 





fit exnctly, either of the orifices. Thus it makes no difieniMi 
which end of the- valve-box is upturned, the valve felling dowa 
and closing the orifices iu either direction. The flexible Indii 
rubber tubes, C D, are attached to the opposite enda of liie 
cavities. 

Now suppose the then upper tube is introduced into tbt 
Btoraach, aud the lower one into a basin of wann water; iaVm 
position, on working the syringe the liquid would be injected 



position, by turning the sjringe in the hand, without withdr 
mg the tube from the stomach, the valves drop on the otW 
orifices, and the water is pumped from the stomach into tb 
basin, as represented by the figure. 

This is an interesting and beautiful invention, and no doubt 
baa been the instrument of saving many human live$ ia caM« 
of poisoning. 

600. Fire Engine. — The Jire engine is a modification of lit 
forcing pump. It consists of two xuch pumpa, the pistons of 
which are moved by a lever with equal arms, the oommon-fbl- 
crum being at C, Mff. 137. While the piston A b descending, 
the other piston, B, is ascending. The water ia forced by the 
pressure of the atmosphere, through the common pipe P, and ' 
then dividing, ascends into the working barrels of each pi^>n, 
where the valves, on both sides, prevent its return. By the 
alternate depression of the pistons, it is then forced into the ur- 
box D, and then, by the direction pipe E, is thrown wliero it a 
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vanted. This machine acts precisely like the forciog pump, 
only that its poww is doubled, by having two pistons instead 
of one, 

601, Rotary Pump. — This is an andent invention, tliou^ 
more than once re-invented and constructed in various forms iq 
modem times. That here represented, Fig. 138, according to 
Hr. Evrbank, from whom the cut is taken; is one of tiie oldest, 
as well as best, ever constructed. 

The design is to produce a continued stream, by simply turn- 
ing a crank, thus converting iLe piston into cog-wheels, and the 
vertical motion into a r«tary one. 

Its construction is as follows : Two metallic cog-wheels, with 
obtuse teeth, are inclosed in a metallic case, so nicely fitted to 
eadv other that the water can not escape between them. The 
teeth also work so- .accurately between each other as to retain 
the fluid. The axle of one of the wheels is continued through 
one side of the case to receive the crank by which it is turned, 
llie joint being secured by a collar of leather. 

One side of the case being removed in the figure to show the 
eonslrucljon, it will be observed that the motion of one wheel 
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will turn the other iu the opposite direction, ihd arrowB show- 
ing the course of the water. 

Now the wheels being water-tight between themselves and 
both sides of the case, the only vacant .spaces for the water are 
those between the cogs, as they revolve, and the diameter of 
the case. -r 

The machine being put in motion, the water enters the case 
by the suction pipe B, is carried up by the cogs in succession,' 
and these being always in contact, it can not escape except at 
the forcing pipe A, where it issues in a continued stream. This, 
therefore, is a. suction and forcing pump in one. 

But the friction is such between the metallic sur&ces that the 
machine remains perfect only for a short time, nor does it ap- 
pear that the recent improvements in this sort of pump hare 
been such as to bring it into general use, and the defectB oi the 
plan seem to be insuperable. 

602. Fountain of Hiero. — ^There 
is a beautiful fountain, called the 
fountain of Hiero, which acts by 
the elasticity of the air, and on the 
principle of hydrostatic pressure. Its 
construction will be understood by 
Fig, 139, but its form may be varied 
according to the dictates of fancy or 
taste. ' The boxes A and B^ together 
with the two tubes, are made air- 
tight, and strong, in proportion to 
the height it is desired the fountain 
ihould play. 

To prepare tKe fountain for action, 
fill the box A through the spouting 
tube, nearly full of water. The tube ^ 
C, reaching nearly to the top of the 
box, will prevent the water from 
passing downward, while the spout- 
ing pipe will prevent the air from 
escaping upward, after the vessel is 
about half fill«^d with water. Next, shut the stop-cook of Uw 
spouting pipe, and pour water into the open vessel D. Hui 
will descend into the vessel B, through the tube E, which neariy 
reaches its bottom, so that after a few inches of water are poured 
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6GS. How is the fountain of Hiero constructed 1 On what vrill the height of tte jfl 
from Hiero's fountain depend 1 
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lo air can escape, except by the tube C, up into the vessel 
The air will then be compressed by the weight of the' 
mn of water in the tube E, and therefore the force of the 
;r from the jet-pipe will be in proportion to the height of 
tube. If this tube is 20 or 30 feet high, on turning the 
-cock, a jet of water will spout from the pipe that will amuse 
astonish those who hav€ never before seen such an experiment 



CHAPTER VIII. 

HEAT, AND THE LAWS OF ITS ACTION. 

i03. In respect to the laws 6f incidence and reflection^ and 
nany other respects^ the phenomena of light and heat are the 
le. But in respect to transmission^ radiation^ distribution^ 
cts on other substances, both chemical and mechanical, and 
manner in which it affects our senses, there are, it is well 
non, great differences. 

DISTRIBUTION OF HEAT. 

604. The rays of heat falling on a body are disposed of in 
•ee ways. First, they may be reflected, or rebound from the 
♦face ; second, they may be absorbed or received into the sub- 
jice of the body; or third, they may be transmitted, or pass 
rough its substance. 

605. Reflection. — Radiant heat, that is, heat flowing from 
y hot body, is like light reflected from polished surfac<,*8, and 
in light, the angle of reflection is equal to that of incidence. 

lose surfaces, however, which reflect lirfit most rjerfectly, are 
>t always the best reflectors of heat. Thus, ponshed metals 
e the best^ reflectors of heat, while glass, which reflects light 
ost perfectly, is a very imperfect reflector of heat; thus tin 
ate reflects about eight times as much heat as a glass mirror. 

606. Absorption. — Radiant heat is absorbed with very diflTfjr- 
it facilities by bodies and surfaces of difierent kind^. Th(mii 

603. In what reepects are action of beat and lifht the same 1 In what rt-ttpi-etu «r« 
eir phenomena dissimilar ? 604. ]n what ways are the rays of light th1Tutn-i\ i f^ff 
^hat is meant bv reflt«tion of heat 1 GU6. What by absorption ? What by radia 
ml What sariaces reflect heat best 1 Give examples. What tniriaces posscMii Uis 
-eatest absorbing powets 7 Examples. * 
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ployed, since at that point ipercury becomes solid by freeaiig, 
and therefore useless. These thermometer tubes are' mu^ 
longer than ordinary, since alcohol expands in a greater propor- 
tion than mercury by the same increment of heat. 

614. Different Mercurial Thermometers. — There are three 
thermometers in general use, namely, Fahrenheit'' 9, which is 

sed in England, and in this country ; the CentipnMde^ con- 
tracted by Celsius, which is generally used in France ; and 
'R&iumur's thermometer, adopted in Germany. 

615. Fahrenheit, (Fah.) — In this the intermediate space be- 
tween the freezing and boiling points is divided into 180 de- 
grees; the freezing being marked 32°, and the boiling 212°. 
This scale was invented by Fahrenheit, from an erroneous belief 
that 32 of these divisions below the freezing point of water, 
which is therefore on the scale, indicated the zero^ or greatest 
degree of cold. But he afterward discovered his error, and his 
instrument being in use, corrected it as far as possible, by. add- 
ing a series of descending degrees below his zero, prefixing to 
them the sign — , or minus, that is, below zero. 

616. Centigrade^ [Cent) — ^It is also sometimes indicated by 
Cel, for the name of the inventor. It consists of an arrange- 
ment of the scale, in which the freezing point is marked 0, or 
zero, and the boiling point is marked 100°. This is a more 
convenient scale than the other, the freezing and boiling poi^ls 
being even numbers, and all below the former — minus. 

617. Reaumur, (Reau.) — In this the freezing point, as in 
the last, is marked 0, while the boiling point, instead of being 
100°, is marked 80°. The degrees are continued both above 
and below these points, those below being negative or minu:s 
as in the others. 

These Thermometers Compared. — In books of forcijjn travel^ 
where the author adopts tlie thfTinometer of the country he de- 
scribes, the reader is often, perpb^xed to know what degrees of 
temperature are indicated according to his own scale, by what 
he reads. Figures are therefore added of each. Fig, 140, to- 
gether with a table showing the correspondence of the three, 
and the rules for converting one scale into the others. 

618. Thus the Centigrade scale is reduced to that of Fahren- 
heit, by inultij>lying by 9 and dividing by 5, and that of Reau- 



814 What are the names of the mercurial thermometers? 615. What are thi 
div sions of Fahrenheit's scale? 616. What are those of the Centiffrade ? 617. Wl* 
ars thogc of Reaumur ? 618. Ho v is the Onrigrade reduced to that of Fahrenhtil / 
liow Is that of Reaumur reduced 'o that of Fahrenheit 1 
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Fahrenheit, 



Centigrade. 



Beaumur. 



mur to that of Fahrenheit, by multiplying by 9 and dividing by 
4 ; or that of Fahrenheit to either of thd others by reversing 
these processeS| fUampfes : — 



Cent. 100<>X 9 
Beau. SO'-'x 9: 
Fah. 212*>— 32 
Fah. 212*>— 32 



:900-f-6 = 180+32: 

'720^4=^80+32: 

180x5 = 900-7- 9; 

:180x4='720^ 9 



212° Fah. 
212° Fah. 
:100° Cent 
: 80° Reau. 



The following Table from Pro£ Hoblyn's Dictionary of Science, 
shows at a single view the correspondence between these ther- 
mometers, from the zero to the boiling point of Fahrenheit. 



FabreoheK. 


Cantigrade. 






Reanmnr. 


BOILING. 212 .. . 


. . . 100 80 


200 .. , 


. . • 93.33 . . 






• . 74.66 


190 .. . 


. . . ^1,11 • . 






. . 70.22 


180 .. . 


. . 82.22 . , 






. . 65.77 


170 .. , 


. . 70.66 . . 






. . 61.33 


160 .. . 


, . . 71.11 . . 






. . 56.88 


150 .. , 


. . . 65.55 . < 






. . 52.33 


140 . . 


. . . 60 






. . 48 


130 . . 


, . • 55.55 • 






. . 33.56 


120 .. , 


. . 48.88 . . 






. . 39.11 
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Fahrenheit. . 






Centigrade. 






Rettmnur. 


110 43.33 84.66 


100 . 






. . 37.77 . , 






. . 80.22 


90 . 






. . 82.22 . . 






, . 25.77 


80 . , 






. 26.66 . . 






. . 21.38 


10 . 






. . 21.11 . 






. . 16.88 


60 . . 






. . * 16.65 . 






. . 12.44 


60 . , 






.10 . , 






. • 8 


40 . , 






• . 4.44 . , 






. • 3.85 


FREEZING 32 . 






. . . , 






. . 


20 . . 






. 6.66 . . 






. • 5.83 


10 . . 






. 12.22 . . 






. 0.77 


ZERO. . « 






. 17.77 . . 


• 




. 14.22 



619. Huther/ord^s Register Thermometer, — ^By thia, the higli- 
est and lowest temperatures which occur within a giren tmie 
are indicated, and made to register themselves, lok instni- 
ment consists of two thermometers fastened to the same plate 
with their tubes in a horizontal position, as shown by Mg, 141. 




FIG. 141. 
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BxAherford^B Jtegiater Thermometer. 

One of these, A, contains alcohol ; the other, B, contains me^ 
cury. In the stem of B, a small piece of iron wire acts the part 
of an index, being propelled forward as the mercury expands, 
and being left at tlje point of the greatest expansion when the 
mercuiT contracts, thus indicating the highest temperature to 
which it had been exposed. In the stem of the other, a smaD 
piece of ivory. A, is immersed in the alcohol, and by a slight 
inclination of the instrument, <is brought to Uie sur&ce of the 
liquid. When the temperature falls, the ivory, by adhering to 
the liquid, is drawn back with it ; but when it rises, the spirit 
only advances, leaving the ivory behind, thus indicating ths 
lowest temperature which had occurred since the last observ»' 



619. What are the indications made by Rutherford's thermometer 1 Describe thi 
eonstmction of this instrument. What are the peculiar adTantafei of tbii ii 
^tmment? 



>it. By inTerting the instrument, the particle of irory ie Rgain 
-onglit to its place for a new observation. This ie a very <xm- 
mient tbermometer oD many accounts. Tbus tlie higlieet 
mperature during the day or the week, can be l«ld without 
atching the instrument, and at a single inspection. If it is re- 
tired to obtain the degree of heat at the bottom of a deep 
9II, or in the depths of the sea, this can be done accurately by 
tting down the instrament, while the common ttiermometer 
3uld change while drawing it up. 

620. DlPFBRBNTIAL ThBRMOHBTBR. "" 

lis instrument is shown by fty. 142. 

consists of two thin glass bulbs of an 
ch in diamoter, coni:^wted by a glass 
be bent at right angles, as the figure 
lows. This tube is partly filled with col- 
'^ alcohol. Now when one of the bulbs 

heated more than the other, the'air in 
expands, and drives the hquid into the 
.her bulb. _ 

621. It does not, therefore, indicate the niff-avMaTT. 
mperature of the atmoepheve, as the 
mae degree of heat on both bult» at the same time produces no 
lange, its design being merely to show the difference of tern- 
srature to which the bulbs are exposed. 




622. The name of this instrument, 
om the Greek, signifies "moisture 
leasurer." Its use is, to show the state 
f moisture in the atmosphere. Many 
irentions for this purpose have been 
ied, but that represented by Fig. 143, 
1 at present considered the best 

It is called Datiitr^ dew-point hygrun- 
Ur. It consists of two balls, connected 
agether by a bent tube, as shown by the 
^re, the whole b^ing of glass. The 
aU B, contains a small quanUty of 
,ther, by the boiling of which, the air 
las been expelled from the tube. In it 
1 small thermometer is placed, with its 
>ulb io the ball. The lower part of this 
xtll is gilded, that the depouted dew 
nay be visible. Hie other ball, A, is 
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covered with muslin, and is kept moist witli ether, the erapon 
tion of which produces cold, which ^^^ually, by the evaporation 
of the ether in the other ball, reduces the temperature in that 
to the dew-point, which is indicated by the deposition of moisture 
on the gilded ball. 

The degree of temperature at which this deposition taket 
place, is shown by the thermometer in the tube, and this degree 
is called the dew-jxnnt, and this is effected at a higher or lower 
degree, according to the moisture in the atmosphere. The the^ 
mometer on the stem indicates the temperature of the air at tlia 
time when the observations are made. 



CHAPTER IX. . 

STEAM ENGINE. 

Note. — The following description of the steam en^o is 
taken from Prof. Hoblyn's Edition of the Author's Natural 
Philosophy, published by Adam Scott, Charter-house. Square, 
London. 

We have however omitted, in this edition, the ingenious ma- 
chines of Hero, Branca, and Savery, contained in former copies, 
as merely showing the progress of invention, apd being quite 
unnecessary for the comprehension of the engine, as it exists 
at the present day. This omission will be found replaced by 
some of the most important inventions of the present day. 

The description of Newcoraen's engine has been retained, as 
containing some parts, leading to the explanation of Watt's en- 
gine, by which it was succeeded. 

What is meant by the double-action of Watt's engine, con- 
sisted in the application of steam alternately on each side of the 
piston, and by which it was moved both up and down, while 
that of Newcomen was moved only in one direction by the 

. . _ . : •- . 

620. What is the construction of the diflferential thermometer 1 621. What l«tlM 
use of this instrument 7 622. What is the meaning of the term hygrometer I WlMt 
8 that here described called 1 Explain its principle, and the manner of asinff IL 



AM KNUJMtK. !?• 

&ni, and in the oilier by tiie premure of the atmospliero ovor 
acuuDi. The importance of Watt's invention can hardly be 
)reciated, since on it is foundeil the action of all steam endues 
this day. 

523. Newcomen's Atmospheric Engine. — The drainage of 
ip mines was a matter of great importance, and the failure 
Savery's engine in this respect, paved the way to further ex- 
iraent In 1 706, Thomas Newcomen, a smith of Dartmouth, 
:ained letters patent for the construction of a new kind of 
am engine, in which he availed himself of the atmospheric 
jssure in a different way from that adopted by Savery. 

624. The novelty of this plan consists in the admission of 
am beneath an air-tight piston^ and the condensation of the 
am by the injection of cold water into the interior of the cyl- 
ier. The use of a cylinder and jnston may be easily ex- 
lined. In order that the pressure of steam may be rendered 
ailable in machinery, the steam must be confined within an 
'-tight cavity^ so constructed that its dimensions, or capacity, 
ay fie alt/».red without altering its tightness. When the steam 
ters such a vessel, it enlarges its actual cavity, by causing 
me movable part to recede before it, and from this movable 
irt motion is communicated to machinery. A hollow cylinder, 
>ving a movable piston accurately fitted to its bore, constitutes 
v'^ssel of this kind ; the piston, thus employed, has an alternate 
' reciprocating vertical motion, which may be converted into 
circular motion by appropriate machinery. The engine em- 

loyed by Newcomen, in its most improved state, was as fol- 
/ws. Over a boiler a is fixed a cylinder c,*containing a piston 
, the rod of which is connected with one of the arched extrem- 
nes of a lever-beam working on a pivot ; to the other extremity 
•f the beam is attached a chain connected with the pumprod. 

625. Such is the simple outline of the atmospheric engine, 
ts mode of operation is as follows : Steam is admitted from 
he boiler into the cylinder, through the tube /, by means of a 
^ffulating cock^ e, which is worked by a handle outside the 
ioiler ; the pressure of the atmosphere above the piston being 
thus balanced by the force of the steam beneath it, the extremity 
of tire lever-beam to which the piston is attached is elevated by 
proportionate weights, w, attached to the pump-rod, and the 
piston is drawn to the top of the cylinder, the other extremitjr 
of the beam being depressed. 

623. What was Newcomen's engine called 1 C34. What is said to have been th« 
noTeltv of Newcomen's plan 1 How can th» cavity of a vessel be enlarged by steua 
and BtiU be tight 7 629. Describe this machine by the figars. 
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026, In order to^ffect the descent of the piston, tho steRin in 
lUe cylinder must now be condensed. The regiiJitling cock t w 
accordingly closed, nnd the further ndrnission of stenm pre- 
vented; another cock, calked tJie condensing cock, p, is now 
opened, and a jet of cold water is admitted through a tube from 
the cistern m, which is placed at a sufficient height to insure ■ 
forcible injection ; the steam in the cylinder is instantly con- 
densed, a vacuum is formed, and the pressure of the atmosphere 
forces the piston to the bottom of the cylinder, while the punip- 
rod on the other end of the beam is raised. Such is the gci- 
era! operation of Newcoraen's atmospheric engine, whiflh a 
nierely a pump worked by st^am. 

627. Watt's Doi-BLB-AcTiNG Esgine.— Tn consiOL-rinj^ ihfl 
applicability of the steam engine to niaimfactures generally, it 
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inrred to Watt^ that if he could contrive to admit steam 
fmaiely above and below the piston, and, at the same time^ 
)duce a vacuum alternately below and above the piston, a 
ible-acting cylinder would be produced, an impulse thus be 
amunicated by the ascent, as well as by the descent of the 
ton, and a uniform continuous action be effected. It was de- 
ible, also, to convert this reciprocating action into a circulai 

528. On this qubject Watt observes: "Having made my 
gle reciprocating engines very regular in their movements, I 
isidered how to produce rotative motions from them in the 
it manner; and among various schemes which were sub- 
ted to trial, or which passed through my mind, none appeared 
lik(3ly to answer the purpose as the application of the crank, 
the manner of the common turning lathe ; but as the rota- 
8 motion is produced in that machine by impulse given to 
\ crank in the descent of the foot only, it requires to be con- 
ued in its ascent by the energy of the wheel, which acts as a 

629. "Being unwilling to load my engine with a fly-wheel 
%vy enough to continue the motion during the ascent of the 
ton (or witli a fly-wheel heavy enough to equalize the mo- 
n, even if a counter-weight were employed to act during the 
»nt,) I proposed to employ two engines, acting upon two 
inks fixed on the same axis, at an angle of 120° to one an- 
ler, and a weight placed tf^n the circumference of the fly- 
leel at the same angle to each of the cranks, by which means 
B motion might be rendered nearly equal, and. only a very 
ht fly-wheel would be requisite." In following out this plan, 
me very important changes were introduced into the ma- 
inery of the steam engine: the principal of these are the 
•uble-acdng cylinder, the parallel motion, the crank, the fly- 
leel, and ti&e governor. Each of these will first be severally 
scribed ; and their operation in the double-acting engine be 
berward pointed out 

630. Double-acting Cylinder. — ^The first alteration to be no- 
sed in the double-acting engine is that of the cylinder. To 
sure its double auction, it is necessary to provide, at each end 

the cylinder, a means of admission of steam from the boiler, 
id of escape for the steam to the condenser. Hence the 
)uble action, which means that the piston is both raised and 
^pressed by the force of steam. 

630. What is meant bj the double>acting cylinder 1 
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Doubie-aeUmg 
CifUnder. 



631. For this purpose, a steam-box is fixed 
to each end of the cylinder, communicating, in 
the one case with the upper, in the other with 
the lower, surface of the piston. In Fig, 145, 
B is the upper, and B' tihie lower, steam-hox. 
Each of these boxes is furnished with two 
valves. 

632. I. In the upper steam-hox, the up- 
per, or steam valve, S, admits steam from the- 
boiler through a tube, the mouth of which is 
seen immediately above the valve ; the lower, 
or exhausting valve, C, permits the escape of 
the steam from the cylinder to the condenser, 
through a tube opening immediately below the valve. In this 
figure, the piston is at the top of the cylinder ; the exhaustbg 
valve is therefore represented as closed, and the steam valve as 
open, for the admission of steam, which rushes through the 
passage D to the top of the cylinder, in order to force the piston 
to the bottom. 

633. II. In the lower steam-hox, a corresponding mechan- 
ism is observed, and its valves must be worked at the same mo- 
ment as those of the upper box, but upon an exactly opposite 
principle. The cylinder is frill of steam, and the piston at the 
top ; the steam valve S' must therefore be closed, and the ex- 
hausting valve C opened, in order that the steam may rush 
out at the passage D', and a vacuiiffn be formed beneath the pis- 
ton, to give effect to the steam which, is now entering above it 

634. In Fig. 146, the piston is at the bot- 
tom of the cylinder. 1. In the upper steam- 
box, the steam valve S is accordingly closed, 
and the exhausting valve C opened, to admit 
of the escape of the steam from above the 
cylinder through the passage D into the con- 
denser, and thus to produce a vacuum above 
the piston. 2. In the lower steam-box, the 
exhausting valve C is closed, and the steam 
valve S opened, in order that steam may rush 
m by the passage D', and force the piston to 
the top of the cylinder. 

From the preceding description, it is evi- 
dent that the alternate motions of the piston depend on the 
opening and closing of the valves, alternately, in pairs. "When 



FIG. 146. 




DoubU-acHfig 
Cylinder. 



631. Rjcplain the double-acting cylinder by Figs. 146 and 146. 
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e piston is at the top of the cylinder, the upper steam valve 
d the lower exhausting valve are to be opened, while the 
«rer steam valve and the upper exhausting valve are to be 
»ed. When the piston is at the bottom of the cylinder, this 
oeess is reversed. 

635. Parallel Motiow. — In the double-acting engine, the 
essure of the steam acts alternately on both sides of the j)is- 
n, which must therefore be pushed ujnoard as well as pulled 
^umward ; the connection between the piston-rod and th( 
am by vmj flexible medium is, therefore, obviously inadmissi- 
e ; a chain can not cdtnmunicate an upward impulse from the 
8ton to the beam. 

The difficulty was, to adjust the rectilinear motion of the pis- 
n-rod to the circular motion of the beam ; without such ad- 
stvnent, it is evident that either the piston-rod, being forced 
the right and left alternately, at each motion of ascent and 
' descent, would be broken or bent ; or that the stuffing-box 
auld be so injured by these derangements of action, as to cea8« 



FIG. 147. 




Parallel Motion, 



De air taid steam-tight The contrivance by which these 
li^^ulties were removed by Watt, is one of the most happy 
av^ntions ever introduced inta machinery. It has been termed 
lie parallel motion ; and its mechanism may be understood by 
neans of the subjoined figure, where B represents the end of 



686. ExpTaIn by Pif . U7, how paralld mention It efltoted. 
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the beam, which is pulled downward^ and pvLshed upward^ bj 
tlie motion of the piston-rod R P ; the motion of B is in the 
direction of the dotted -curve ; that of R P is rectilinear, • 

636. To adjust these counteracting motions, a series of b«vK 
are introduced, which are movable on pivots, and which by tie 
balance of their action prevent the piston from deviating to aoy 
injurious extent from the straight line. Two fixed points d 
support are taken, the one at F, a&near as possible to the line 
in which the piston-rod moves ; the other at C, the center of 
the working beam. Two perpendicular bars, B R and E II, 
are attached to the beam at B and E ; and ttoo transverse bars, 
R II and F H, are added, the former connecting the lower ex- 
tremities of the two vertical bars, the latter connecting the lower 
extremity of the vertical bar E H with the fixed point F ; all 
the bars move freely on pivots at all their points of attachment. 
The head of the piston-rod is connected with the pivot at B. 
The smaller diagram, Fir/, 147, relates to paragraph 639. 

637. The action of this mochirtery is as follows : 1. Let us 
imagine the end of the beam B to descend in the direction of 
the dotted curve. During its progress to the korizotUal posi- 
tion, indicated by the dotted line k C, it is continually pushing 
the [>erj;endicular bar B R outward; and this effect, if.not coun- 
teracted, would disturb the rectilinear course of the piston-rud. 
But this outward punk of the bar B R is coimteractt^l by an 
inward pull by the rod R II upon the point R ; the end il of 
the rod R II is preserve d at a proper distance from tlie 
line of motion of the piston-rod by means of the rod dhlled 
the radium rod, H F, which is atttiched to the fixed point 
F ; and the rod H F, being thus fixed, describes, with its ex- 
tremity H, the curve d g, which is directed inwardly, and coun- 
teracts the outward directi(jn of the curve described by B. 
Hence it follows, that the top of the };iston-rod R moves in a 
direction almost vertical. It is" correct to ^av almost, for it is 
not strictly so ; the deviation, however, from the vertical motion 
involves a minute calculation, and it is of comparatively little 
importance in practical operation. ^ 

638. 2. As the beam quits the horizontal position in cwnplcti^ 
its descent, it is continually pushing the bar B R inward ; but 
this inward push of the bar B R is now counteracted by the 
outward pull of the bar H F, which now completes the curve 
g 0, and, by means of the transyeree connecting bar H R, main 
tains the piston-rod in its nearly vertical din ct ion. 3. It is ob 



636. Explain Watt's engine by means of Fig. 147. 
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ons, thai daring the ascent of tho beam, the same movementa 
' the bars will secure the vertical ascent of the piston-rod. 
[lis beautiful contrivance represents, in fact, a kind of jointed 
irallelogram, three of the angles of which describe curves, 
bile the fourth, which is connected with the piston-rod, moves 
tarly in a straight hne.* 

63^. Motion of the Atr-Pump Rod. — The same machineiy 
hich regulates the motion of the piston-rod of the cylindcj, 
so regulates those of the pump-rod. In the preceding Fig, 
t7, the upper part of the air-pump rod is represented at A 

; it is connected at the top to the middle of the bar E II, 
here it works freely on a pivot A. This machinery may be 
adily understood by means of the smaller figure, in which the 
irs composing it are separated from the beam, the letters be- 
g preser>'ed precisely as in Fig. 147. C E and F H are two 
irs, working on pivots at the fixed points C and F, and de- 
ribing curves at their free extremities. The bar E H con- 
;cts these free extremities, upon which it moves by pivots, 
rora the antagonizing action of the two transverse bars, it fol- 
ws, that the point A, the head of the air-pump rod, will move 
. a nearly vertical direction. 

640. Nature of the Crank. — It has been shown that the 
ternate motions of the piston-rod, determined by the double- 
Hif^g cylinder^ are communicated to the working end of the 
2am, to the curved motion of which they are adjusted by the 
>nlrivance of the parallel motion. The next object was to con- 
ert the rectilinear motion, thus produced, into a rotatory 
lotion. * 

641. So long as the force of steam was employed for the 
lere purpose of raising water, no such motion was wanted ; 
ut when its application was required for the purpose of turn- 
ig the wheels of mills — of giving effect to the machinery of 
otton manufactures and printing presses — of propelling steam 
essels and other locomotive engines — it became necessary to 
inrpart a new direction to its operation. To obtain this object 
he crank was introduced. 

642. The simplest idea of a crank is that of the handle to a 
vheel ; its action is familiarly illustrated in the process of draw - 
Qg water from a well ; the bent handle attached to the wheel 
8 first pushed out, then pulled in the opposite direction, and 
bus a continued rotatory motion is produced upon an axle. 



639. How if> the motieD of the air-pump effected 1 640. What is the cranlc, aud 
u>w doesitactl.' 
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The application of this principle to the steam en^ne, and the 
variations of pressure on the crank of a'-steam engine, m&j be 
conveniently illustrated by curves. 

643. This will be readily perceived by Fi^. 148, which rep- 
resents the lower portion of the connecting-rod, which works at 
its upper extremity on a pivot connected with the working ei* 
tremity of the beam. 

The lower extremity of the rod 
is connected by a movable joint at 
I, with the lever I K. The center 
or axis to which the rotatory mo- 
tion is to be communicated, is indi- 
cated by the letter K. Hence it 
would appear, that as the connect- 
ing-rod moves upward and down- 
ward, it would carry the lever I K 
round the center K, so as to oc- 
cupy successively the positions de- 
noted in the figure by the dotted 
shadows of the lever ; and thus a 
continued rotatory motion would 
be communicated to the axis. 

644. Irregular Action of the 
Crank. — On considering more 
closely the action of the crank, it 

will be found to be by no means continuous in its motion. 
There are two positions which the crank assumes in its .circuit, 
in which the moving power has positively no effect whatever in 
communicatinsf a rotatory motion to it. 

645. I. When the piston is at the bottom of the cylinder^ 
the crank will be in the position denoted in the preceding figure; 
the joint I will be in a perpendicular line between the upper 
end of the connecting-rod and the center K. It is obvious, that 
as the piston ascends in the cylinder, the connecting-rod will 
tend to push the joint I, not to the right nor to the left of the 
dotted* circle, but directly dovmward upon the axis K. 

646. II. When the piston is at the top of the cylinder^ the 
crank will have performed half a revolution, and the joint I will 
be in a perpendicular line below the center K. As the piston 
descends, the connecting-rod will tend to pull the joint I, not to 
the right nor to the left of the dotted circle, but directly up- 
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Crank. 



643. What are the dead points in the motion of the crank 1 Ezplidn thie by 
ng. 148. 
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mrd upon tlie axis K. It is evident, that if in eitlier of these 
ositions, the action of the crank were for a moment to ooase, 
; would be out of the power of the piston to put it again into 
[lotion. 

647. 111. Another difiiculty connected with the crank, is the 
uquality of its motion. In two positions, it has been shown 
3 be actually stationary. There are also itoo positions, in which 
B action is most energetic; and it becomes feebler in propor- 
ion as the crank moves ^m these points toward the two sta- 
ionary positions above described. 

Let the reader once more direct his attention to tlie process 
f drawing water from a well ; let him imap^ne his own arm to 
•e the connecting-rod ; and the handle of the wheel the crank ; 
e will find that his force is most effective, when the an^le de- 
cribed by his arm upon the crank is a ri^ht anple ; and that 
is force will become less effective, as the angle of leverage be- 
omes smaller or greater. The application of tliis 8imj»le illns- 
ration to tlie crank of the steam engine is obvioas ; and the 
esult of it is a variable, instead of a uniform, unremitting ac- 
ion. In the following paragraph, a remedy for these incon- 
enicnces will be described. 

648. Nature of a Fly- Wheel. — In impelling machinery 
»y force, it is frequently necessary that the force should he reg- 
dated. This necessity may arise from several causes. There 
nay be a want of uniformity in the first movivg power, as in 
he single-acting engine of James Watt, in which the descent 
>f the piston is effected by the pressure of steam, while its ascent 
9 effected by a totally different means. Or, there may be a 
vant of uniformity in the resistance which the force has to over- 
some, as in the crank described in the preceding paragraph. 

To regulate these inconveniences and- equalize the motion, a 
arge heavy wheel, called a fly-wheel, is connected with the ma- 
chinery, so as to receive its motion fi^m the impelling power, 
X) keep up the motion by its own inertia, and distribute it 
equally in all parts of its revolution. If the moving power 
jlackens, the fly-wheel impels the machine forward ; if the power 
:ends to impel the machine too fast, the fly-wheel slackens it 
rhe object of the fly-wheel, therefore, is to absorb, as it were, 
:he surplus force at one part of the action of the machine, and 
to give it out when the action of the machine is deficient ; by 
Leslie it was well compared to a " reser\'oir which collects the 
intermittent currents, and sends forth a regular stream." 

648. How doM the fly-whwf tontinae the niotien of the cruiik 7 
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649. Connection of the Fly- Wheel with the Crank. — ^In or- 
der to equalize the motion of the crank, Watt attached a j^- 
wheel to its axis. This wheel is constructed of lar^e diameter, > 
in order that its circumference may revolve rapidly : it is of 
great weight, being made of iron, that it may acquire consider- 
able momentum so as to render the motion as ui iform as pos- 
sible ; and it is so nicely placed upon the aids, as to be almost 
free from friction, and thus enabled to conununicate its motion 
to the axis, when this is required from the irregular action of 
the crank. 

The objects of the fly-wheel in the steam engine, as here de- 
scribed, are obviously twofold : first, to extricate the madiine 
from the mechanical difliculties which occur at the two station- 
ary positions of the crank ; and, secondly, to equalize the effects 
of the varjring leverage by which the first mover acts on the 
crank. But besides the irregularity in the action of the crank, 
there are other causes which, in the absence of a fly-wheel, 
would disturb the uniform velocity of the engine : there are 
variations of resistance^ and of pow^r. 

The resistance which an engine has to overcome, particularly 
in manufactures, is continually liable to vary. When . the re- 
sistance is diminished, the quantity of steam admitted through 
the valves into the cylinder, is increased or diminished, as the 
case may*be. 

When the resistance is increased, or the moving power dimin- 
ished, the momentum accumulated in the fly-wheel continues 
the motion with little diminution of its own velocity. It is not, 
however, pretended that the equalization of force produced by 
the fly-wheel, is -perfect; but it is sufiicient for ordinary pur- * 
poses ; and its efficiency will be proportioned to the mass of 
matter in the circumference of the wheel and to the square 
of the wheel's velocity. The next step in the progress of im-' 
provement was to regulate the velocity of the fly-wheel. 

650. The Governor. — Of all the contrivances for regulating 
the motion of machinery, this is said to be the most efiectual. 
It will be readily understood by the following description of 
Fiy. 160. It consists of two heavy iron balls, 6, attached to 
the extremities of the two rods, b e. These, rods play on a 
ioint at e, passing through a mortice in the vertical stem d d. 
At /, these pieces are united, by joints, to the two short rods, 

— — ~— — * t 

649. Why must the flj-wheel be of large diameter and great wetght t Does tbt 
fly-wheel completely equalize the motion of machinery 1 650. What is the gOT 
•nior ? How doee the goTiirnor ooerate to equalize the motion of machiner7 7 
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A, which, tft their nppei 
ds, are again connected br 
nts at ky to a ring which 
des upon the vertical stem 
d. Now it will be appa- 
at that when these balls 
a thrown outward, 'the 
^er links connected at /, 
11 be made to diverge, in 
nseqnence of which the up- V d/ 

r links will be drawn down ^** Chvemor. 

e ring with which they are 

nnected at h. With this ring at /, is connected a lever hav- 
^ its axis at ^, and to the other extremity of which, at ^, is 
rtened a vertical piece, which is connected by a joint to the 
Ive V, To the lower part of the vertical spindle d, is attached 
^ooved wheel w, around whicli a strap passes, which is con- 
ctt'd with the axis of the fly-wheol. 

Now when it so happens that the quantity of steam is too 
eat, the motion of the fly-wheel will give a proportionate ve- 
rity to the spindle d d, by means of the strap around w, and 
' which the balls, by their centrifugal force, will be widt^ly 
parated ; in consequence of which the ring A, will be drawn 
>wn. This will elevate the arm of the lever ky airtl by which 
e end t, of the short lever, connected with the valve v^ in the 
aam pip^ will be raised, and thus the valve tunied so 2^ to 
minish the quantity of steam admitted to the piston. When 
e motion of the engine is slow, a contrary efliect will be pro- 
iced, and the valve turned so that more steam will be admit- 
d to the engine. 

661. Connected View of the Double-acting Engine. — W^rfire 

>w in a condition to understand the relation which the several 

irts of the engine, already separately described, bear to each 

Jier. In its general construction it resembles the single-acting 

igine of Watt not described in the present work, but it differs 

I several important features. Among these are, its capability 

r performing twice the amount of work in the same time, from 

le simultaneous action of the pressure, and of the condensation 

f steam, at each ascent and descent of the piston ; its near ap- 

roxiniation to uniformity of power; its economy of heat, and 

Dnsequently of fuel, by the ditnjnution of cooling surface ; and 

a reduced bulk. In the following engraving, taken from the 

aluable work of Tredgold, a section of this engine is illustra- 
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ted ; a few additional cemarks to those which have already been 
made on its separate details, will serve to explain its general 
operation. 

652. At the right is seen {Fig, 161)-' the great horizontal 
9team tube S, which admits steam into the cylinder through the 
throttle valve^ which appears near S in the fonn of a disc. Thie 
boiler is omitted in the plate, but its connection with the tube, 
and the means by which it is supplied with warm water, may 
be inferred .from descriptions already given, 

653. The douhle-dcting cylinder C, its two steam boxes and 
four valves, and the apparatus for working the valves, are thfl 
next objects which claim attention. These are explained by 
Figs. 145 and 146. The piston is at the top of the cylinder. 
Tlie upper steam valve a is, therefore, represented as open ix 
the admission of steam, the upper exhausting valve c as closed; 
'the condition of tbe two lower valves is reversed. The operation 
of opening and closing these four valves is effected by a series 
Df levers, terminating in one handle or spanner^ which is worked 
by two pegs attached to the pump-rod R. 

Before the piston arrives at the bottom of the cylinder, the 
upper peg strikes the handle of the levers downward, and in a 
moment reverses the condition of the four valves. The steam 
from above the piston then rushes down through the peqjcn- 
dicular tulTe S, issues at the lower steam valve c?, which ^^ill 
now be open, and forces up the piston ; but, before the piston 
arrives at the top of the cylinder, the lower peg strikes the 
handle of the levers upward, the condition of the valves is again 
revei^sed, the steam below the cylinder rushes through the lower 
exhaustinor valve h into the condenser B, and the stroke of the 
engine is repeated. 

.#6*4. In the condenser B, the steam meets with a continual 
jet of cold water; In the double-acting engine, condensatiini 
goes on equally during the descent and ascent of the piston, and 
the condensing jet is therefore incessantly at play. Enginei 
with a condenser are called low pressure endues. The vaiiar 
tions which occur in the velocity of the piston, and theuooBM- 
quent variations in the quantity of steam discharged into th« 
condenser, require corresponding variations in the quantity <rf 
condensing water ; its amount is, therefore, regulated by the if* 
jection cock, which is worked by a lever and handle, L Tile 
water produced by condensatign of the steam is removed hj 

662. In Fig. 151, where is tbe steam pipe 7 663. Which is the cylinder 1 661 Whiek 
is the condenser 1 
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ike air-pump A, and carried into the warm cistern, frora wbicb 
a portion of it is drawn by the pump L, and conveyed to th« 
boiler. The cistern containing the condenser, the air-pnmp, and 
the injection cock, is njjjyJrftf :"^t^ water ^by the pump N, on 
the left side of thejaftlta/ j 

On the extrejp^ft is the JtM-wheel^ a part of which is seen 
at P, and tP<he axle of whyWi is fixed the cranky this being 
moved ^f^the connecting-rj^ attached to the end of the Work- 
ing^ieam. To the fly-wh«el is also^ attached the governor^ but 
tJlese parts having already been explained, and being unneces- 
sary to the understaudyng of the whole, are omitted in the 
drawing. 

On the right extrerfflity of the beam is seen the apparatus 
which produces the warallel motion. The moving parallelo- 
gram is represented a^t/, 6, (f, g ; the rod c? c is the rcdiusrod: 
it terminates the arciof the circle through which the point d 
travels. At c is seeiu the extremity of the pump-rod R, which 
is worked by the sanSe machinery as that of the parallel motion. 

655. Returning Uo the left side of the beam, we find the 
pumping apparatus,/ D represents the barrel of the pump, and 
M is the pump-rod,/which is connected with the beam by me- 
chanism similar to Itnat of the parallel motion, already described. 
When the piston f>i the pump descends, the water is forced up- 
ward through thf pipe G, and conveyed by appropriate chan- 
nels to a distance *i^d height proportional to the power of the 
engine. The barf el of the pump is filled through the pipe F by 
means of machin^fery adapted to this pnrj^se below ; and^ when 
the piston of thy pnmp ascends, the valve at the left of the bar- 
rel opens, and /the water rushes through in the same direction 
as that fronf tine pipe G. The supply for the descent of the 
piston will ru|bh in. at the bottom valve from F, and be raised 
through the ^pe G, as before. The valves with which tbe pis- 
ton of the air-pump^ furnished are termed clacks. 

IJOH PREBBURB ENGINX. 

666. In the high pressure engines, the piston is pressed np 
and down by the force of the steam alone, and without the 
assistance of a vacuup. The additional power of steam re* 
quired for this purpose is very considerable, being equal to the 
entire pressure of the atmosphere on the surface of the piston. 

We have already had occasion to show that on a piston of 13 

^■_ - , . 

^. Whteh Is the air-pump 1 Explain the water pnmp. 656. What la the <Mliet 
•nee between the high and low pressure eiiginesl 
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dbes in diameter, the presBure of the atmosphere :i mounts to 
arly two toDS. 

657. Now in the low pressure engine, in which a vacuum is 
med on one side of the piston, the force of steam required to 
>ve it is diminished by the amount of atmospheric pressure 
arly equal to the size of the piston. 

658. But in the high pressure engine, the piston works in 
th directions against the weight of the atmosphere, and hence 
|uires an additional power of steam equal to the weight of 
d atmosphere on the piston. 

659. These engines are, however, much more simple and cheap 
Ml the low pressure, since the condenser, cold water pump, 
-pump, and cold water cistern, are dispensed with ; nothing 
)re being necessary than the boiler, cylinder, piston, and 
Ives. Ilence for railroads, and all locomotive, purposes, the 
^h pressure engines are, and must be used. 

With respect to engines used on board of steamboats the low 
essuie are universally employed by the English, and it is well 
lown, that few accidents from the bursting of machinery have 
er happened in that country. In most of tlieir boats two en* 
nes are used, each of which turns a crank, and thus the neces- 
,j of a fly-wheel is avoided. 

In this countiy high pressure engines are in common use foi 
»ats, though they are not universally employed. In some, two 
igines are worked, and the fly-wheel dispensed with, as in 
ngland. 

660. Accidents. — Tlie great number of accidents which have 
ippcned in this country, whether on board of low or high 
'essure boats, must be attributed in a great measure, to the 
igemess of our countrymen to be transjjorted from place to 
nee with the greatest possible speed, all thoughts of safety 
3ing absorbed in this passion, k is, however, true, from 
le very nature of the case, that there is far greater danger 
om the bursting of the machinery in the high, than in the 
►w pressure engines, since not only the cylinder, but the boiler 
dd steam pipes must sustain a much higher pressure in order 
> gain the same speed, other circumstances being equal. 

HORSE POWER. 

661. When steam engines were first introduced, they were 
mployed to work pumps for draining the English coal mines, 

657. What constitutes a low pressure enfrine 1 668. How much more force of 
earn is required in high than in low pressure engines r 65&, What parts are dis- 
ensed with in high pressure engines ? 
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thus taking the places of horses, ^hich from the earliest timeB 
of using coal had performed this service. 

662. It being therefore abeady known how mmy horses were 
required to raise a certain amount of coal from a given depth, 
the powers of these engines were very naturally compared to 
those of horses, and thus an engine which would perform the 
work of ten horses, was called an engine of ten horte power. 
To this day the same term is used, with the same meaning, 
though very few appear to know eidier the origin of the term, 
or the amount of power it impKes. 

Several engineers, after the term was thus used, made exper- 
iments, for the pui*po8e of ascertaining the average strength of 
horses, with a view of 'Bxing a standard of mechanical force 
which should be indicated by the term horse jxnffer. 

This was done by me^ns which it is not neceesaiy here to 
describe. 

663. Smeaton, a celebrated mechanical philosopher, eetima- 
tod that the average power of the horse, working eight hours a 
day, was equal to the raising of 23,000 pounds at the rate of 
one foot per minute. 

664. Messrs. Bolton and Watt caused experiments to be 
made with tne horses used in the breweries of Liondon, said to 
be the strongest in the world, and from the result they estima- 
.ted that 33,000 pounds raised at the rate of one foot per min- 
ute, was the value of a horse's power, and this is the estimate 
now generally adopted. When, therefore, an engine is said to 
be so many horses power, it is meant that it is capable of 0Te^ 
coming a resistance equal to so many times. 33,000 pounds 
raised at the rate of one foot per minute. Thus an engine of 
ten horse power is one capable of raising a load of 330,000 
pounds one foot per minute, and so at this rate, whether the 
power be more or less. • 

665. Power of Steam.— Experiment has proved that an 
ounce of water converted into steam will raise a weight of 2,160 
pounds one foot. 

666. A cubic foot of water contains 1,728 cubic inches, and 
the power, therefore, of a cubic foot of water, when converted 



660. WTtat is said of accidents from steam in our country 1 661. Where did the 
engine first take tiie place of horses'? 662. What is the origm of the term 
power? G63. Wliat was Smeatou's estimate of a horse's power ? 664. Wliat 
WafUind Bolton's edhnate of a horse's power ? What is meant by a hor^s powflf 
at the present time 1 How many horses w«uld raise 33.000 pounds onje foot per min- 
ute 7 665. What is the power of a square inch of water converted into steam 1 M 
What is the power of 4 cubic foot of water converted into steam 1 How muchpovcf 
is lost in acting upon the engine 1 
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into steam, will be equal to 2,160 multiplied by 1,'728, equal to 
'8,732,4.80 pounds. This, then, expresses the number of pounds 
weight which^a cubic foot of water wo^d raise one foot when 
converted into steam, supposing that its entire mechanical force 
could be rendered available. But in practice, it is estimated 
that the friction, and weight of the machinery in action, require 
aliout foQi^ tenths of the whole force, while six- tenths only re- 
main as an -actual mechanical power. 

667. Qtiantity of Water required for each Horee Power, — 
One horse power, as already explained, is equal to a force which 
will raise 33,000 pounds one foot high p^ minute. This being 
multiplied by 60 will show the force required to raise the same 
weight at the rate of one foot per hour, namely, 83,000 x 60=r 
1,980,000 pounds. 

668. Now the quantity of water required for this effect, will 
be found by considering, as already shown, that a cubic inch of 
water in the form of steam, is equal to a force raising 2,160 
pounds a foot. If we divide 1,980,000, therefore, by 2,160, we 
shall have the number of cubic inches of water required to pro- 
duce a one horse power, namely, 9,160. But we have already 
shown that only 6 parts out of 10 of the force of steam can be 
calculated^ on as a moving power, 4 parts being expended on 
the action of the engine. To find, then, the amount of waste 
in 916 cubic inches of water, we must divide that number by 6, 
and multiply the result by 4, when we shall have 610 as the 
number of cubic inches of water wasted. The total quantity of 
water, therefore, which is turned into steam per nour, to pro- 
duce a one horse power, is equal to 610 added to 916, namely,^ 
] ,526 cubic inches. Hence we see the necessity of the immense 
capacities of the boilers of large steamboats. 

669. Amount of Mechanical Virtue in Coal. — For more than 
thirty years, the engineers of many of the English coal mines 
have published annual accounts of their experiments with the 
steam engines under their care, for the purpose of ascertaining 
the exact amount of coal required to perform certain duties. 
The results of these experiments are among the most curious and 
instructive facts which the lights of science at the present day, 
h§ve thrown upon the manufacturing arts. They were entirely 
unexpected to the owners of the mines, and equally so to men 
of science. 

6iS7. How many cubic inches of ^ater is required to produce a one horse paw6r1 
468. How do you find how many cubic inches of water there are in a one horse 
power 1 669. what amount of weight is it said a bushel of coal will raise by means 
of steam 1 What was the weight raised by th6 second trial 1 
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In the report of the engineers thus employed, for 1836, it 
was announced that a steam engine employed a,t a Copper mine 
in Cornwall, had raisid, as its average work, %5 millions of 
pounds a foot high, with a single bushel of bituminous ooal. 

This mechanical effect was so enormous and so unexpected, 
Uiat the best judges of the- subject considered it beyond the 
bounds of credulity ; the proprietors, therefore, agreed that an- 
other trial should be made in the presence of competent wit- 
nesses : when, to the astonishment of all, the result exceeded 
the former report by 30 millions of pounds. In this experi 
ment, for every bushel of coal consumed under the boiler, the 
engine raised 125^ millions, of pounds one foot highr. 

670. On this subject, Dr. Lardner, in his treatise on the steam 
engine, has made the following calculations : — 

A bushel of coal weighs 84 pounds, and can lift 56,027 ton? 
a foot high, therefore, a pound of coal would raise 667 tons to 
the same height ; and an ounce would raise 42 tons one fool 
high, or it would hft 18 pounds a mile high. / 

Since a force of 1 8 pounds is capable of drawing two tow 
upon a railway, it follows that an ounce of coal would draw' 2 
tons a mile, or 1 ton two miles. (In the common endues, how- 
ever, the actual consumption of coal is equal to about 8 ounces 
per ton for every mile.) 

The great Egyptian pyramid has a base of 700 feet each way, 
and is 500 feet high ; its weight amounting to 12,760,000,000 
pounds. To construct it, is said to have cost the labor of 100,- 
000 men for 20 years. Yet according to the above calculations, 
its materials could have been raised from the ground to their 
present positions by the combustion of 479 tons of coal. 

# 

LOCOMOTIVE. 

I 

671. This* word, from the Latin, means "mo\ing from place 
to place," and is applied to steam engines used on railroads. 

Our limits will only allow a short description of this wondei^ 
working machine, which, during the last quarter of a century, 
has been the means, with respect to locomotion, of converting 
days into hours, and weeks into days. 

The principal external parts of a locomotive are indicated bj 
the letters on Fig. 152. 



670. What weight will a pound of coal raise 1 ITnw great a force mav an ounce ol 
coal be made to prodqcel What is the size and weicht of the great pyramid o( 

Egypt? What weight of coal would be required to raise its materiab to tbtir ] ' 

elevation 1 



#S. The trvet vietlt, A A, ana of cast iron, about two and 
■If feet in diameter, all of them conoeoted by an iron fra ne, 
Im center of nbicb, the end of the boiler rests dd a pivot, so 
O allow a revolving motitui, in order to accommodate the 
mt to short curves in the road. 




which makes the chief bulk of the loco- 

n, about 12 feet long, of great weight, and 

ngtb, to resist the pressure of the steam. It is put together 



a bolt^ only an inch or two apart, si 
jQ. tight under the greatest force. 



s to be perfectly 



lief bulk oflh* locomntl 
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Above R is the fitt^box^ yrith a door, not shown, lor admii- 
sion of the wood. The interior of the boiler is compoeed of 
about 100 copper tubes, through which the smoke aod heat 
pass to the chimney. These tubes are entirely surrounded by 
water, which the heat emitted by the tubes, as they pass throng 
it, converts into steam. 

674. The pump P, supplies the boiler with water, which it 
akes from the tender, not shown, but which is connected witb 

the locomotive, and on which the fuel is carried. In cold 
weather, the waste steam heats this water before it is admitted 
to the boiler. 

675. The steam cylinder C, communicates with the boiler bj 
a short pipe, for admission of the steam. In this cylinder worb 
the piston, which gives motion to the engine. 

The cylinder is externally of brass, kept polished in order U) 
prevent the radiation of the heat. Its diameter is about 12 
inches, and the movement of the piston 20 inches. This is 
furnished with valves, working in the saine manner as those 
already described for the steam engine. 

The alternate, horizontal motion of the piston, is so connected 
with' the driving Vheels, as to give them a rotatory yuoticHi, by 
which the engine is moved. 

676. This is done by means of the connecting-rods R R, whidi 
are jointed to tlie spokes of the drivers at one end, and to the 
piston rod I, at the other, thus connecting the force of the steav 
with that part of the engine by which the whole is actuated. 

The immense force which the steam exerts, is shown by the 
power required to draw 20 or 30 cars, loaded with hundreds 
of tons, at the rate of 20 or 30 miles an hour. And yet a 
single locomotive will draw such a load even up an inchned 
plane. 

677. The driving wheels D D, by which the locomotive is 
moved, are of cast iron, with strong wrought iron tire, so as to 
withstand any shock which it is considered possible to hapjien, 
since on the strength of these, the lives of hundreds of passen- 
gers may depend, as the fracture of one of them may cast the 
engine and entire train from the rails. In diameter, they are 
from 5 to 6 feet. 

678. These four wheels are connected together, not only by 
the connecting-rods^ but also by a strong iron frame, and by tlui 

675. Describe the steam cylinder, and tell its use. 676. What are the connecUnf- 
rmlsl 677. What are the wheels which irive motion to the locomotive? Why an 
the driving wheels made of great strength ? 67a Why are these four wheals am* 
nected 1 On what prinaiple do these wheels act 1 
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le-trees which reyolve with them, so that the greatest amount 

adhesion to. the rails is obtained. This is a most imiK>rtant 
>int in the construction of the engine, since by this means all 
e wheels must act together, thus forming by thoir adhesion 

the rails a single iulcrum, acting as a lever of the third kind, 
22,) of which the spoke of the wheel is tlie lover, and the pis- 
n, through the connecting-rods, the power. Itj therefore, one 

the wheels slips on the rail, they must all slip, it being this 
nnection by which locomotives draw such enormous loads 
er inclined planes. 

67 9.- The lever L, opens the throttle valve, by which the 
3am is admitted to the cylinder, from the boiler. When the 
tgine is to be started, the engineer opens this communication ; 
ben the piston \)^n8 its alternate motion ; the drivers their 
volutions, and the engine and train their progress. 

680. The reversing handle H, acts on machinery for that 
irpose, in such a manner as to reverse the motion of the driv- 
g wheels, giving them a backward instead of a forward action, 

a moment. It is used whenever there is danger of a colli- 
5n, or when it is desired to give the engine a reverse move- 
ent on any occasion. 

The spring balance N, is connected with a graduated scale by 
hich the pressure of the steam is indicated. 

681. The safety valve lever S, is connected with a valve, so 
mstructed as to open when the pressure is above a certain 
mount, and thus allow the steam to escape. When properly 
ijusted, this may be the means of saving the engine from one 
f the most fearful of accidents, that of bursting the boiler. 

682. The smoke pipe M, is connected with the fire^jox, by 
leans of the copper tubes running through the boiler, already 
xentioned. Various contrivances have been invented to arrest 
be sparks which are emitted with the smoke, and which have 
ften set fire to bridges and other buildings. For this purpose 
, wire gauze placed across the mouth of tiie pipe, has been the 
lost efficient. 

The engine frame F, is made of wrought iron, strongly con- 
lected by rivets, and to which all parts of the locomotive are 
.ttached, and by which they are combined into a single instru- 
nent, to be moved forward as a great power, by means of which 
Lundreds of tons are to follow. 



679. Describe the manner of starting the enrine. 680. What is the use of Jhe^ 

Iocs the safety TalTe act, and for what purpose i otfil. 



'ersing handle. 681. How does 

Vhaf. are the means of arresting sparks from the smoke pipe 1 
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The valve box V, contains the valves of ihe cylinder, wlridi 
have already been described while treating of the steam- mgm. 

The steam whistle U, is composed of a cylinder, with pinmliar 
internal arrangements, on which the steam from the boiler be- 
ing admittx3d, by a valve, makes a well-knowh sowid, heard ai 
the distance of many miles. By its report, the d^rees of press- 
ure of the steam are indicated. 

The slide valve rod K, works the valve by which the steam 
Is admitted from the boiler to the cylinder, and by which the 
piston is moved. 

683. Springs of the Boiler, — ^The boiler rests on steel springa, 
composed of many flat pieces of dififerent lengths, laid oneoo 
the other, forming a pyramidal pile six or eight inches high, 
and of suflicient strength to bear many tons. By the slight 
motion of these springs, the concussion between the engine and 
the rails is prevented, and without which neither would preserve 
its integrity for an hour, under the tremendous shodcB,. the 
weight and motion of the engine sometimes give. 

ADHESION TO THE RAILS. 

• 

684. We have already noticed the necessity of so oombining 
the action of the driving wheels, as to make them form an in- 
dividual flilcrum, by their adhesion to the rails. 

On this the motion of the engine, and consequently of the 
whole train depends, and hence the necessity of the enormous 
weight of the locomotive. On roads, through hilly sections oi 
the country, tlie weight of the engine is made to correspond to 
the inclination of the grade. Were this not the case, as the 
adhesiBh depends on the weight, the wheels would revolve with- 
out advancing, and thus the whole train would remain motion- 
less, because the weight, with the inclination, required a greater 
force than the power of the engine. On such roads where 
heavy freight trains are to be drawn, the weight of the engine 
sometimes amounts to 40 or 50,000 pounds. 

685. In all cases, the invariable condition must be, that the 
force be greater than the resistance, otherwise no progress will 
be effected ; and as we have already seen, the force depends on 
the adhesion, and this on the weight, so it is obvious that a 

683. What is said of the sprinjirs on which the boiler rests? 6f^.. Why are tbf 
driving wheels so connected as to form an individual fulcrum 7 What is the weiftat 
of some engines 7 685. What is said of the proportion between the weight of the eo* 
fine and the grade of the road 1 What must oe the ronditiou with reaped to Ibt 
weight and force ? What is the estimate between tlie force of adhesion and ^ 
weight of the drivers? 
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FIG. 153. 



imderotn eiifirine only, will draw a heavy train over a rapid 
iclination. It is estimated that the force of adheision amounts 
» one-sixth of the weight of the drivers on the rails. 

686. Section of the Boiler. — It has been noticed alx)ve, that 
KX)motive boilers are furnished with copper tubes, j)ai4sing from 
le fire-box to the chimney. The ordinary number of these 
ibes' is 1 20, and their diameters about two inches. If largei 
lan this, they are liable to collapse by the pressure of the 
;eam, and if smaller, they soon become clogged by tlie soot. 

The end of such a boiler is repre- 
snted by Fig. 153. The fire-box 
ith the grate for fuel, is seen at B, 
bove which are the ends of the tubes. 
a Fiff. 1 52; these parts are above R. 
L shows the dome, above the fire-box, 
nd which forms a part of the boiler, 
eing open and containing the steam 
8 it is formed. 

687. The steam is conveyed to the 
ylinders from the large pipe, seen at 
he upper part of the dome, the two 
irrows showing that it is admitted 
rom all directions. The mouth of 
his pipe is thus elevated, in order to 
ivoid the admission of the water when 
n the state of the greatest ebullition. 

The fire-box is made of thick, rolled 
ron, with double walls, about three 

nches apart, the space between them being filled with water^ 
JO that the fire is surrounded with water, except at the door 
irhere the fuel is admitted. 

, 688. The water is pumped into the side of the fire-box at C, 
which opens into the boiler. 

The boiler is only afeout half filled with water, the upper part 
being devoted to steam. 

The boiler is made of thick, rolled iron, strongly riveted to- 
gether, and in the form of a cylinder, being that which best 
resists the pressure of the steam. 

In order to confine the heat, or prevent radiation, boilers are 
covered with wood, in the form of .narrow strips of board, over 
which there is a covering of sh^et iron. 

686. Show by Fig. 153, the sitaations of the fire-box, steam pipe, tubes and ^rate. 
«7. WhT is the mouth of the steam pipe so high in the domel 688. Where is tht 
water admitted to the boiler. 
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689. Looomotire engines are always on the high pressim 
prindple, because such engines are more simple in structure 
iban Uiose of low pressure, the fi>rmer not requiring the con- 
d^Qsing apparatus which is indispensable in the latter. 
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ACOUSTICS. . 

690. Ac(mstics is that branch of natural philosophy which 
treats of the origin^ propagation^ and effects of sound, 

691. Vibration of Solids. — ^When a sonorous, or sounding 
body is struck, it is thrown into a tremulous or vibrating mo- 
tion. This motion is communicated to the air wbich surrounds 
us, and by the air is conveyed to our ear drums, which also 
undei^ a vibratory motion, and this last motion throwing the 
auditory nerves into action, we thereby gain the i sensation of 
sound. 

If any sounding body, of considerable size, is suspended in 
the air and struck, this tremulous motion is distinctly visible 
to the eye, and while the eye perceives its motion, the ear per- 
ceives the sound. - 

692. Proof by the Air-Pump. — ^That 
sound is 'conveyed to the ear by the motion 
which the sounding body communicates to 
the air, is proved by an interesting experi- 
ment with the -air-pump. 

693. This is done by a little piece of me- 
chanism shown by Fig. 154. It consists 
of a block of lead weighing a pound or two, 

• into which is inserted the standard of the 
bell A. A piece of wire, also fixed to the 
lead, is bent over the bell at B, to which is 
jointed the handle of a small hammer. At 
half an inch from the joint, the handle 

passes through the end of the sliding rod 

i . 

689. Why are locomotives on the high ppcssare principle ? 690. What is aconstics 1 

.<491. When a sonorous body is struck wirhin hearing, in what manner do w« fain 

from it the sensation of sound 1 692. How is it proved that sound is conveyed ro th« 

«ar by the medium of the air 1 693. Describe the mechanism, Fiff. 164, Dy whiefe 

ibis is proved. 
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0, which passes, air-dght through the stuffed collar of the glass 
receiver D. 

Now it is obvious by the figure, that on working the sliding- 
rod by its handle, the hammer will strike the bell, the sound of 
which may be heard to a considerable distance. But if the re- 
ceiver be set on the plate of an air-pump, and the air exhausted, 
its sound will become less and less audible, until a vacuum in 
foimed, when, although the hammer is made to strike the bell, 
no sound will be heard. The lead should be placed on a piece 
of cotton batting, so as not to transmit the sound through the 
solid on which it stands. 

DIYINO BELL. 

694. On the contrary, when the air is more dense than or- 
dinary, or when a greater quantity is contained in a vessel, thfUQ 
in the same space in the open air, the effect of sound on the 
ear is increased. This is illustrated by the use of the diving 

The diving bell is a large vessel, open at the bottom, under 
which men descend to the beds of rivers, for the purpose of ob- 
taining articles from the wrecks of vessels. When this machine 
is sunk to any considerable depth, the water above, by its press- 
ure, condenses the air under it with great forca In this situa- 
tion, a whisper is as ^loud as a common voice in the open air, 
and an ordinary, voice becomes painfal to the ear. 

695. Effects in high Places. — Again, on the tops of high 
mountains where the pressure^ or density of the air is much less 
than oa the surface of the earth, the report of a pistol is heard 
only a few rods, and the human voice is so weak as to be in- 
audible at ordinary distances. 

Thus, the atmosphere which surrounds us, is the medium by 
which sounds'are conveyed to our ears, and to its vibrations we 
are indebted for the sense of hearing, as well as for all we enjoy 
from the charms of music. 

696. Solids conduct Sotmd, — ^The atmosphere, though the 
most common, is not, however, the only, or the best conductor 
of sound. Solid bodies conduct sound better than eWJc liuids. 
Hence, if a person lay his ear on a long stick of timber, the 
scratch of a^ pia may be heard from the other end, which could 
not be perceived through the air. 

I . I I _ 1 1 J 1 -n - I - - ■ — _^__^_^^^_^^^^.^M^^^^^^Ma— ^ 

G94. When the air is more dense than ordinary, how does it affect sonndl 6981 
What is said of the effects of sound on the tops of high mountains 1 696 Which 
tae best conductors of sound, solid or elastic substances ? 
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697. The earth conducts loud rumbling sounds made belov 
ts surface to gn^at distances. Thus, it is said, that in oountriei 
where volcanoes exist, the rumbling noise which generally pre- 
cedes an eru]>tion, is heArd iirst by the beasts of the iield, be- 
cause their ears are commonly near the ground, and that \fy 
their agitation and alarm, they give warning of its approach to 
tlie inhabitants. 

698. The Indians of our country, by laying their ears on tlw 
ground, will discover the approach of horses or men wlien ihey 
are at such distances as not to be heard in any other manner. 

699. Velocity of Sound, — Sound is ])ropHgated through the 
air at the rAte of 1,142 feet in a second of time. When com- 
pared with the velocity of lij::ht, it therefore moves but slowly. 
Any one may bo convinced of this by watching tlie dischan^ 
of cannon at a distance. Tlie flash is seen apparently at the 
instant the gtnner touches fire to the powder; the whizzing of 
the ball, if tlie ear is in its direction, is next heard, and lastly, 
the report. 

700. Biotas Experiment. — Solid substances convoy sounds 
with greater velocity than air, <ns is proved by the following ex- 
periment, made at raris, by M. Biot : — 

At the extremity of.a cylindrical tube, upward of 3,000 feet 
long, a ring of metal was placed, of the same diameter as the 
aperture of the tube ; and ^n the center of tliis ring, in the 
mouth of the tube, was suspended a clock-lx*ll and liammer. 
The hammer was mado to strike the ring and the bell at the 
same instant, so that the sound of the ring would be transmit- 
ted to the remote end of the tulx*, t]irou;i:h the conducting 
power of the tube itself, while the sound of the 1^*11 would be 
transmitted through the medium of the air inclosed in the tube. 
The ear being then placed at the remote end of the tube, the 
sound of the ring, transmitted by the metal of the tube, was 
first heard distinctly, and after a short interval had elaped, the 
sound of the bell transmitted by the air in the tube, was heard, 
nie result of several experiments was, that the metal conduct^] 
the sound at the rate of about 11,805 feet ])er second, which is 
about ten and a half times the velocity with which it is coa- 
ducted by the air. 

701. Sound moves forward in straight lines, and in this re- 



697. What is said of the earth as a conductor of pounds ? 60S. Tfow is It said that 
the Indians discover the approach of horses ? 61)9. How fast dops sound fms% throuch 
the air ? What i8 said oi the firing; of cniinou witii re>-pect to hound 7 7U0. WUek 
4Qjivey sounds with the Kreatest velocity, solid t:ubstanceR, or air \ 
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)ect follows the same laws as moving bodies, and li^ht It 
Iso fallows the same laws in being reflected, or thrown badu 
ben it strikes a solid, or reflecting sur&ce. 

7il2. Eouo. — ^If the sar&oe be smooth, and of considerable 
imensiona, the sound will be reflected, and an echo will be 
L*ard ; but if the suHace is very uregular, soft, or small, no 
leh efkfA will be produced. 

In onler to hear the echo, the ear must be placed in a certain 
irection, in respect to the point where the sound is produced, 
nd the reflecting surface. 

If a sound be produced at A, Fig, 155, and strike the plane 
irface B, it will be reflected back in the same line, and the 
iho will be heard at C or A. That is, the angle under which 

approaches the reflecting surface, and that under which it 
laves it, will be equal. 



FIG. 166b 
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703. Whether the sound strikes the reflecting surface at right 
ingles, or obliquely, the angle of approach, and the angle of re- 
icction, will always be the same, and equal. 



TOO. Describe the ezper{inent,proving that sound Is conductt^l by * "J* 5 ^ ? 
ireater velocUy than by the air. 7(11. In what lines does sound move 1 7Uf. explain 
nit. 156. and show in what direction sound approaches and leaves a renectiag 
korface q« 
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This is illustrated by Fig, 156, where suppose a pistol to be 
* fk(M} at A, while the reflecting sur&ce is at C ; then ^e echo will 
be heard at B, the angles 2 and 1 being equal to each othe*. 

704. Reverberation of Sound. — If a sound be emitted be- 
tween two reflecting surfaces, parallel to each other, it will leset- 
berate, or be answered backward and forward- several tiinds. 

Tlius, if the sound be made at A, Fig. 157, it will not only 
rebound back again to A, but will also be r^ected from toe 
points C and D, and were such reflecting surfaces placed at 
every point around a circle from A, the sound would be throwi 
back from thom all, at the same instant, and woidd meet again 
at the point A. 

We shall see, under the article Optics, that light obsarves 
exactly the same law in respect to its reflection from plane sur 
fiices, and that the angle at which it strikes, is caUed the angU 
of incidence, and that under which it leaves the reflecting sot- 
^e, is called the angle of reflection. The same terms are on- 
ployed in respect to sound. 

705. Reflection in a Circle,— r^ a circle, sound is reflected 
from every plane surface placed around it, 'and hence, if the 
sound is emitted from the center of a circle, this center jnill bo 
the point at which ihe echo will be most distinct. 

Suppose the ear to be placed at 
the point A, Fig, 158, in the cen- Fio^iea. 

ter of a circle ; and let a sound be 
produced at the same point, then 
it will move along the line A E, 
and be reflected from the plane sur- 
fece, back on the same line to A ; 
and this will take place from all the 
plane surfaces placed around the 
circumference of a circle; and as 
all these surfaces are at the same 
distance from the center, so the re- 
flected sound will arrive at the point B^fletHon i» a drdt, 
A, at the same instant; and the 

echo will be loud^ in proportion to the number and perfection 
of these reflecting surfaces. 

706. Whispering Gallery. — ^It is apparent that the audi- 
tor, in this case, must be placed in the center from which the 

704. What is the angle under which sound strilces a reflecting surface called 
What i§ the angle under which it leaves a reflecting surface called? Is there my 
difference in the quantity of these two angles 1 706. Suppose a pistol Co be fired la 
the center of a circular room, where would be the echo 1 
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sound proceeds, to receive the greatest e^ct But if the shap* 
oi the room b& oval, or elliptical, the sound may be made in 
one part, and the echo will be heard in another part, because 
'the ellipse has two points, called fod, at one of which, the sound 
being produced, it will be concentrated in the other. 

Suppose a sound to be produced at 
A, Fig. 159, it wiU be reflected from fiojm. 

the sides of the room, the angles of in- 
cidence being equal to those of reflection, 
and will be concentrated at B. Hence, 
a hearer standing at B, will be affected 
by the united rays of sound from differ- 
ent parts of the room, so that a whisper 
at A, will become audible at'B, when it 
would not be heard in any other part of 
the room. Were the sides of the room 
lined with a polished metal, the rays of 

light or heat would be concentrated in 

the same manner. Wki^^iii OaUerf, 

The reason of this will be understood, 
when we consider that an ear^placed at C, will receive only one 
ray of the sound proceeding from A, while if placed at B, it 
will receive the rays frorii all parts of the icoom. Such a room, 
whether constructed by design or accident, would be a wldsper- 
ing gallery, 

707. Successive Reflection^ of Sound, — "Several reflecting 
surfaces may be so situated in respect to distance and direction, 
that a sound proceeding from a certain point, will be reflected, 
first from one surface, and then from another, at a little dis- 
tance, afterward from a thifd, and so on ; or it may b^ reflected- 
from the first surface to the second, and from the second to the 
third, and from this to a fourth, and so on, even it is said^ to ' 
the number of eight or ten." 

708. Accd)*ding to the distance at which the speaker stands, 
a reflecting surface will return the echo of several, or of fewer 
syllables ; for in order to avoid confusion, all the syllables must 
be uttered before the echo of the first syllable reaches the ear. 
In a ;noderate way of speaking, about 3^^ syllables are pro- 
noun %d in one second, or seven syllables in two seconds. 

^ 

706. Ejq)tain Fig. 169, and give the reason. Sappoee a found to be produced Im 
one of the foci or an ellipae, where then might it be moat distinctly heard 1 TOT. 
What namber of echoes are said to happen from one sonnd ? 706. How manj qrUa^ 
bles are pronAuneed in a second 1 When an echo repeats seven syllables, how fu 
off is the reflecting snrface "^ Explain this. 
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Therefore when an echo repeats seven syllables, the refleeting 
surface is 1,142 feet distant; for sound travels at the rate cl 
1,142 feet per second, and the distance from the speaker to tlie 
reflecting object, and again from the latter to the fonner, is 
twice 1,142 feet. When the echo returns 14 syllables, the re- 
flecting object must be 2,284 feet distant, and so on. 

709. It is stated that ^ famous echo in Woodstock, (Eng- 
land,) repeats seventeen syllables in the day, and twenty in the 
night, and on the north side of Shepley church in Sussex, it is 
said that an echo repeats distinctly, under favorable circuiu- 
stiinces, twenty -one syllables. 

710. Effects of Surface, — On a smooth surface, the rays, oi 
pulses of sound, will pass with less impediment than on a rough 
one. For this reason, persons can talk to each other on' the 
opposite sides of a river/ when they could not be understood at 
the same distance over the land. The report of a cannon at 
sea, when the water is smooth, may be heard at a great dis- 
tance, but if the sea* is rough, even without Vind, the sound will 
be broken, and will reach only half as far. 

711. Musical Instruments. — The strings of mtisiccd tnstrt^ 
merits are elastic cords^ which being fixed at each end^ produfi$ 
gaunds by vibrating in the middle. 

The string of a violin or piano, when pulled to one side by 
its middle, and let go, vibrates backward and forward, like a 
pendulum, and striking rapidly against the air, produces tones, 
which are grave, or acute, according to its tension, size, or 
length. 

712. The manner fig. igo. 
in which such a _^— - — ^■ 
string \1brates is 
shown by Fig. 160. 

If pulled from E 
to A, it will not stop 

again at E, but in Musical string. 

passing from A to 

E, it will gain a momentum, which will carry it to C, and in 
returning, its momentum will again carry it to D, and so on, 
backward and forward, like a penduUim, until its tension, and 
liie resistance of the air, will finally bring it to rest 

713. Tones depend on Size and Tension. — The grave or 

709. How many syllables is it said some ecliof* repeat ? 710. Why is ir that per- 
•ouff can converse on the opposite sides of a rivi r, wlien th»y coulil not hMur eacB 
other at the cnine distance over the land ? 711 How do the strinirs of musical intra- 
meats produce soands ? 712. Explain Fig. IGO. 
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harp, tones of the same string, dc])end oo its different degrees 
if teDsion ; hence, if a string be struck, and while vibrating, its 
ension be increased, its tone will be changed from a lower to a 
ugher pitch. 

Strings of the same length are made to vibrate slow, or quick, 
jid consequently to produce a variety of sounds, by making 
ome larger than others, and giving them different degr(>es of 
ension. The violin and bass viol are familiar examples of this. 
The low, or bass strings, are covered with metallic wire, in order 
o make their magnitude and weight prevent their vibration 
rom being too rapid, and thus they are made to give deep or 
^ve tones. The other strings are diminished in thickness, and 
ncreased in tension, so as to make them produce a greater 
lumber of vibrations in a given time, and thus their tones be- 
ome sharp or acute in proportion. 

714. .^UAN Harp. — Under certain circumstances, a long 
tring will divide itself into halves, thirds, or quarters, without 
lepressing any part of it, and thus give several harmonious 
ones at Uie same time. 

The fairy tones of the JSolianharp are produced in this man- 
ler. This instrument consists of a simple box of wood, with 
bur or five strings, two or three feet long, fastened at each end. 
rhese are tuned in unison, so that when made to vibrate with 
brce, they produce the same tones. But when suspended in a 
rentle breeze, each string, according to the manner or force in 
which it receives the blast, either sounds, as a whole, or is 
divided into several parts, as above described. The result 
3f which, is the production of the most pleasing combination 
and succession of sounds, that the ear ever listened to or fancy 
perhaps conceived. After a pause, this fairy harp is often heard 
beginning with a low and solemn note, like the bass of distant 
music in the sky ; the sound then swells as if approaching, and 
other tones break forth, mingling with the first, and with each 
other. 

716. The manner in which a string vibrates in parts, will be 
understood by Fi^. 161. 

Suppose the whole length of the string to be from A to B, 
and that it is fixed at these two points. The portion from B to 
C vibrates as though it was fixed at C, and its tone differs from 
those of the other parts of the string. The same happens from 

713. On what do the grave or acute tones of the sameVrinp denf-nd 1 Wliy aie 
the bww strings of inprriimpnts covered with metallic wire 7 714. why is there a va- 
riety of tones in the iEolian harp, since all the strings are tuned in unison 1 716. Ex- 
plain Fig 161, showing the manner in which strings vibrate in parts. 
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C to D, and from D to A. While a string is thus Tibniting, if 
a small piece of paper be laid on the part C, or D, it "will pb- 
inain, but if plaotd on any other part of the string, it will bs 
shaken off. 



no. 161. 




JSdlian Bmrp. 

716. MoNocuoRD.-^An instrument called fMmochord "^ single 
string/^ or sonometer ** sound measurer/' is used to determine 
the number and theory of musical vibrations, as applied ta 
stringed instruments. It consists of a wooden box, several feet 
in length, 1, 2, Fi<f, 161$. At A, a catgut or metallic string b 
fastened, which passing over the brid^ B and C, and tnen 
over the roller D, has a weight suspended for its tension at £. 

no. 162. 
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The bridge C is attached to a scale, on which it movei^ 
so that the string can be shortened at pleasure. There is ako 
provided a number of leaden weights, having slits to the center, 
to be slipped on the string, and by which its tension can be in- 
creased or diminished. 

717. By means of the monochord, many curious and important 
inferences, with respect to stringed instruments have been drawn. 
We extract from Muller a few of the most important of these 
laws. • 



716. What if the UManinf of monochord, and what Its use 7 Describe the 
ehord 1 
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11 8. The number of vibrations qf a airing^ it inversely as it$ 
length. 

If the string of any instrument makes a given number of vi- 
brations in a certain time, it would make in the same time, 2, 
3, or 4 times as many vibrations, i^ with the same tenuon, we 
let only i, -^, or \ of its length vibrate, and so in these propor- 
tions, wliether it be made longer or shorter. 

719. The number of vibrations of a string is proportional to 
the square root of its stretching weighty or its tension. 

Thus, if the tension of a given length of string be equal to 4, 
0, or 10, then the velocity of its vibrations will be 2, 3, or 4 
times as great. * 

720. The number of vibrations qf different stritigs^ of the 
same substance, is inversely at their thickness. 

If we take two steel wires of equal length, whose diaraetera 
are as 1 and 2, then with the same tension, 1 will make twice 
as many vibrations as 2 in the same time. 

721. Capacity of the Human jB'ar.-r-Prom Prof. Hoblyn's, 
London, edition of this work, we add the following : ** The ca- 
pacity of the human ear for appreciating the vibrations of a son- 
orous body, is restricted within certain limits. It has been 
proved by experiment, that the lowest note we are capable of 

j>erceiving, is that produced by a body performing 32 half vi- 
brations, or 16 impulses, in one second of time ; and the highest^ 
that which is performed by 16,000 impulses in the same tinae. 
It is stated, however, that a finely attuned .ear is capable of ap- 
preciating, as a distinct sound, a kind of hissing noise, occasioned 
by 48,000 half vibrations, or 24,000 impulses in a second of 
time." 

WIND DnTRUMBNTS. 

722. In stringed instruments, we have seen that the sounds 
are produced bv the vibration of stretched cords on the air. 

In musical pipes the tones are produced, in part, by the pass- 
age of the air tbtough apertures of various forms, and in pa>t 
by the vibration of the pipes themselves. 

723. Organ Pipes, — ^The most complicated, important, and 
costly instrument is the organ. This, indeed, embracecf in its 
structure nearly every known wind instrument, and therefore 
may be considered as a collection of such instruments, each of 

- - _ _ _ .. II _ " " ' — — 

718. To what is the number of Tibrationsof a stringr proportioned 1 719. How does 
tension affect the Tibrationa 7 720. How does thickness anect vibrations 7 731. What 
is said of the capacity of the ear to appreciate sounds 1 722. How are the tones in 
musical pipea produced 1 728. What instruments tloes the organ embrace 1 
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whicli may be played separately, or, when great power u re- 
quired, several may be played in unison. 

724. Stops, — ^A stop consists of a rank of pipes on a nnifimn 
model. Some are only treble, and others only bass stops. In 
general, however, a stop includes the pipes belon^ng to each 
instrument, as the Flute, Trumpet, Hautboy, and Diikiaiui 

stops. 

725. The Dixipason (which means thi^ugh all) 
is the principal stop, and on this all the other 
stops are founded, or are made to correspond. 

726. Flue and Reed Stops, — This is the great 
division of the whole organ, and depends on the 
mechanism by which Uie tones are produced, 
every organ in this respect, having only two 
stops; or sorts of pipes, however numerous the 
individual stops may be. 

727. Flue Pipes, — These consist of the body 
or tube B, Fig, 163, ^nd the foot P, between 
which there is a diaphragm or partition, having 
a narrow, transverse aperture to emit the wind 
from the bellows, as shown by the figure. Over 
this aperture is a sharp edge called the upper lip, 
against which the wind is forced, and by which 
the sound is produced, and which is modified by 
the size and form of the pipe. 

728. Chestnut Whistle, — The chestnut or wil- 
low whistle, made by every lad in the country, is 
a good illustration of the flue organ pipe, the 
construction of both, being precisely on the same 
principle. 

729. Reed Pipes, — ^These differ from the above, 
in having a piece of thin brass, or other metal, 
placed in the mouth of the pipe, and called the 
tonguey the vibration of which produces the sound. 
The tongue is fastened to a cylindrical piece of 
metal between C C, Fig, 164, which is called the 
block. The dotted lines C C, show the tuning 
wire^ which passes through the block, and by the 
sliding of which, up and down, the tones are Reed Pipe, 



no. iM. 




724. What is meant by a stop ? 725. What is said of the diapason stop? 726. lott 
what stops is the entire or^n dividpd ? 727. Show by Fig. Iu3, the construction of 
the flue pipes. 726. What is said to be a good illustration of these pipes 1 7Si9i D*> 
scribe the parts of a reed pipe by Fig. 164. 
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yaried, the pitch becoming flat or sharp, as the tongue is made 
lonsf or short. 

tbe reed pipes are generally of metal, the body of which is 
shown by A B. 

730. Structure of the Pipes.-^The large pipes are commonly 
made of wood, and are square in form, though some wood 
pipes are only a few inches long. The largest of these pipes 

^ are 32 feet long and 15 inches in diameter. 

731. The metal pipes are in the form of a cone or cylinder, most 
of the smaller ones beiug of these forms and substance. In a . 
few instances, metallic pipes of immense size and weight have 
been constructed. 

The laigest ever made, is at Birmingham, England, which 
Is 32 feet long and 24 inches in diameter. It is of zinc, in 
form of a cylinder, standing in front of all the other pipes. 

732. Tuning the Organ. — The pipes are tuned by various 
means, depending on their forms ; the substance of which they 
are made, and whether they are open or stopped. 

73^. Stopped wooden pipes are tuned by a pompion, or stop- 
per,* which is of wood, covered with leather, exactly fitting the 
end, and which is drawn up, or pushed down, to make the tones 
more gi*ave or sharp, 

Tbe stopped metal pipes, have a cap on the top, and by th^ 
movement of which, they are tuned on the same principle as 
those of wood. In some cases, stopped metallic pipes are Umed 
by means of ears on each side of the mouth, by the bending of 
which, the tones are varied. 

Open metal pipes are tuned by a wooden instrument, on© 
end of which is a solid cone, and the other a hollow cone. By 
this, the tops of the pipes are expanded by introducing the solid 
end, to mike the pitch sharper^ and contracted by the hollow 
cone, to make the pitch flatter. 

The reed pipes, as already noticed, are tuned by the motions 
of the tuning wire. 

Reed Pipes vary with the Temperature, — ^The tongues of 
these pipes vary in length by heat and cold, and hence their 
tones change, for the same reason that the clock goes faster in 
winter than in summer, as explained, 28S. It is probably on 
this account that organists find difSculty in keeping these stops 
in tune. 

730. What is said of the stnictare of these pipes 7 731. Of what size tre the largesi 
organ pipes 7 732. How are the pipes tuned f 733. How are the stopped pipes tuned 1 
How are the open pipes tuned 1 What is said of the influence of temperature on Uie 
reed pipes 1 
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734. ANTiQuriT OP THK Oroan. — ^The earliest aoooimtof 
any instrument similar to the organ, occurs in the Tenth Book 
of Vitruvnus, a Greek writer, who lived a century before the 
Christian era. This was moved by water, and hence was called 
a hydraulicon. 

The first organ spoken of in France, was of Greek oonstrno- 
tion, and was sent to King Pepin, the &ther of Charlemagne, 
by the Emperor Constandne, about A. D. 757. This wm 
moved by wind. 

The first of any size known in England, was that of "Windiei- 
ter Cathedral, in 951. This had 26 pairs of bellows, ^i^iidi it 
required 70 men to work. It had 10 kep, and 40 pipes to 
each key. 

Notwithstanding the antiquity of this invention, it was not 
until after the Reformation that any great improvements were 
made in this instrument Even so late as 1660, only four oigsn 
builders were to be found in Great Britain. 

This instrument, in our country, was unknown to the common 
people a century ago; and at the time of our resolution,' com- 
paratively few persons, except in large cities, had ever heard an 
organ. It is hardly necessary to add, that the organ, as it now 
exists, is an entirely different instrument from that so called 
only fifty years ago, and that, at present, no village having a 
church of any pretensions, is without an organ. • 

LARGE ORGANS. 

735. Perhaps we can not gratify our readers more than to 
add short notices of a few of the largest organs in the world. 

Hojo/rlem Organ. — This has long been Uie most celebrated of 
organs. It was built in 1638, at the cost of $60,000. The case 
is 108 feet high by 50 feet wide. It has 60 stops; 12 pair of 
bellows ; 4 rows of keys ; 5000 pipes, of which two are 32 feet 
long and 15 inches wide. The fee for hearing the whole is |5. 

Freyhurg Organ, in Switzerland. — It is said that no instru- 
ment ever was, or ever will be built like this ; the artist, Moser, 
refusing to build another, and no one being allowed to see the 
interior. The wonder, and the secret, with respect to this organ, 
is in its having a stop, the tones of which are so exactly like 
those of the human voice, that visitors mistake it for a large choit 
of singers. It has 68 stops and 4 rows of keys. 

Muaic Hall, Edinburgh, Organ. — This immense instrument 



734. What is sai4 of the antiquity of the organ 1 
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las 82 stops, 4 rows of keys, 1 wooden pipe of 32 feet, and 
several of metal of 16 feet in length. 

Hamburgh Organ, — ^This organ, in St. Michael's Church, was 
buih in 1762, and cost more than $20,000. It has 4 rows of 
keys; three pipes of 32 feet, and nine of 16 feet; 10 wind 
chests and 10 pair of bellows. The pipes of the large pedal 
stop, are of pure tin highly polished, and placed in front 

The Weingarten Organ. — This is in the Benedictine Monas- 
tery, in Suabia, and was built about 1750. It hi^ 4 rows pf 
keys; 3 pipes of 32 feet; 4 of 16 feet, and 4 unisons. It has 
in the whole, 6,666 pipes ; namely, in the great organ^ 2,176 ; 
in the choir^ 1,176 ; in the third organ^ 1,274 ; in the echo or- 
gan^ 1,225, and in ih^ pedal organ, 815. 

Berlin Organ. — ^This organ, at Berlin, Prussia, was designed 
to be the largest in ^he world, and to contain 150 stops and 6 
rows of keys, besides the pedals, but it remains unfinished. 

Baltimore Cathedral Organ, — TTiis is said to be the largest 
in the United States. It has 36 stops and 2,213 pipes, the 
largest being 32 feet long. 
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This is a musical instrument invented by Dr. F^rankHn, though 
H has been much improved since his day. 
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It oonsistB of a number of glass goblets of different sizes, and 
so attuned to each other as to form the harmonic scalA. 
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Thej are finnly &stened to the bottom of a box, their tones 
being so nicely adapted to the scale^ by the artist who oon- 
structs them, as to need no tuning, though one or two of them 
contain water as a convenience. 

They are played by touching the edges with the wet finger, 
and their tones may be prolonged, and made to swell or diimii* 
ish, like those of the violin. 

Perhaps no music to which the human ear has ever listened, 
is equal in sweetness, delicacy, and smoothness to this. No one 
can hear it without a thrill of delight, nor for the first time^ 
without astonishment. It is indeed an .^lian harp mider 
command of the artist. 

llie arrangement and comparative sizes of the goblets, an 
shown by Fig. 166, which presents the natural key, or C major. 

The- goblets hold from a quart to half a pint, and their tonei 
depend, in part^ upon their capacity, atid in part upon tha 
weight or thickness. 

The instrument here represented, is capable of producing sD 
the tones of the most common and simple melodies. 

We are told that Mr. Francis H. Smith, of Baltimore, furn- 
ishes Ilarmonicons, put up in boxes, at various prices, from 18 
to 85 dollars. 

ai;mo8pheric phenomena. 

736. The term atmosphere is from two Greek words, which 
signify vapor and sphere. It is the air which surrounds the 
earth to the height of forty-five miles, and is essential to the 
liv^-s of all animals, and the production of all vegetable. 

All meteorological phenomena, with which we are acquainted, 
depend chiefly, if not entirely, ^ the influence of the atmos- 
phere. Fogs, winds, rain, dew, hail, snow, thunder, lightning, 
electricity, sound, and a variety of othe^ phenomena of daily 
occurrence, belong to the atmosphere. We have, however, only 
room for the most common result of atmospheric changes. 
JVind and Rain, 

WIND 

737. Wind is nothing more than air in motion; The wb 
of a fan, in warm weather^ only serves to move the air, and thu» 
to make a little breeze about the person using it. 

736. What is the atmosphere? How high does the atmosphere extendi What 
phenomena mentioned,- depend on the atmosphere? 737. What is wind? la a 
natural phenomenon, how is wind nroduced : or, what is the cause of wind 1 How 
la this illustrated 1 *^ 
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As a natural phenomenon, that motion of the air which we 
all wind, is produced in consequence of there l>oiii£f a i^n^ater ^ 
egree of heat in one place than in zinother. The air thus 
eated, rises upward, wliile that which surrounds this, moves 
>rward to restore the equilibrium. 

The truth of this is illustrated by the fact, that during the 
uming of a house in a calm night, the motion of the air to- 
rard the place where it is thus rarefied, makes the \iind blow 
■om eveiT point towasd the flame. 

738. Sea and Land Breeze, — On islands, situated in hot 
limates, this principle is charmingly illustrated. Tlie land, 
uring the day time, being under the rays of a tropical sun, 
tecomes heated in a greater degree than the surrounding ocean, 
nd, consequently, tliere rises from the land a stream of wiirm 
ir, during the day, while the cooler air from the surface of tlie 
rater, moving forward to supply this partial vacancy, f)roduce8 
> cool breeze setting inland on all sides of the island. This 
onstitutes the sea breeze^ which is so delightful to the inhabit- 
ants of those hot countries, and without which men could hardly 
txist in some of the most luxuriant islands between the tropics. 
During the night, the motion of the air is reversed, because 
he earth being heated superficially, soon cools when the sun is 
ibsent, while the water, being warmed several feet below its 
surface, retains its heat longer. 

Consequently, toward morning, the earth becomes colddr than 
he water, and the air sinking down upon it, seeks an equilib- 
•ium, by flowing outward, like rays from a center, and thus 
:he land breeze is produced. 

' The wind then continues to blow from the land until the 
Bquilibrium is restored, or until the morning sun makes the land 
of the same temperature as the ^ater, when for a time there 
will be a dead calm. Then again the land becoming warmer 
than the water, the sea. breeze returns as before, and thus the 
inhabitants of tiiose sultry climates are constantly refreshed dur- 
ing the summer season, with alternate land and sea breezes. 

.739. Trade Wivns.-^At the equator^ which is a part of the 
earth contintially under the heat of a burning sun^ the air is 
enepanded^ and ascends upward, so as to produce currents from 
the north and south, which move forward to supply th£ place 
of the heated air as it rises, . 

738. In the islands of hot climates, why does the wind blow inland during the da;^ 
and ofT the land during the night 1 What are these breezes called ? 739. What it 
said of the ascent of heated air at the equator 7 What is the consequence on the air 
toward the north and south ? How are the trade winds formed ? 



tl4 WIN0. 

These two cmrents, eoming from latitudes wbere the dsaly 
•motion* of the earth is less than at the equator, do not obtain 
its full rate of motion, and therefore, when they approach the 
equator, do not move so fast eastward as. that portion of the 
earth, bj the difference between the equator's velocity, and that 
of the latitudes from which they come. Thid wind, therefore, 
fiEills behind the earth in her diurnal motion, and consequently 
has a relative motion toward the west. This constant breesa 
toward the west is called the trade mnd^ because a large por- 
tion of the commerce of nations comes wkhin its influence.^ 

740. Counter Currents. — ^While the air in the lower r^oos 
of the atmosphere* is thus constantiy flowing from the north and 
south toward the equator, and forming the trade winds betv^een 
the tropics, the heated* air from these regions as perpetually 
rises, and forms a counter current through the higher r^ons, 
toward the north and south from the tropics, thus restoring the 
equilibrium. 

This counter motion of the air in- the upper and lower regions 
is illustrated by a very simple experiment. Open a door^ few 
inches, leading into a heated room, and hold a lighted candle 
at the top of .the passage; the current of air, as indicated by 
the direction of the flame, will be out of the room. Then set 
the candle on the floor, and it will show that the current is 
there into the room. Thus, while the heated air rises and passes 
out o^the room, at the same time that which is colder flows in, 
along the door, to take its place. 

This explains the reason why our feet are apt to sufifer with 
the cold, in a room moderately heated, while the otiier parts of 
the body are comfortable. It also explains why those who sit 
in the gallery of a church are sufficientiy warm, while those 
who sit below may be shivering with the cold. . 

741. From such facts, showing the tendency of heated air to 
ascend, while that which is colder moves forward to supply its 
place, it is easy to account for the reason why the wind blows 
perpetually from the north and south toward the tropics ; for 
the air being heated, as stated above, iC* ascends, and then flows 
north and south toward the poles, until, growing cold, it sinks 
down and again flows toward the equator. 



740. While the air in the lower regions flows from the north and soath towanl fh« 
equator, in what direction does it flow in the higher regions 1 How is this counter 
eurrent iff lower and upper regions illustrated by a simple* experiment -1 741. What 
•ommon fact does this experiment illustrate? Ezplam Fig. 166, and diowwhieh 
way the air passes. 
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^ Perhaps these opposite motions of the two currents will he 
jifttar understood by the sketch, Fig» 166. 

i- FIG. 160. 
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Opposite Ourrentt tjf Air, 



? Suppose A B to represent a portion of the earth's surface, 
i being toward the north pole, C toward the south pole, and 
Ik the equator. The currents of air are supposed to pass in the 
Ihection of the arrows. The wind, therefore, from A to B 
ronld blow on the surface of the earth, from north to south, 
fliile from E'to A, the upper current would pass from f*outh to 
forth*, until it came to A, when it would change its direction 
oward the south. The currents in the southern hemisphere 
imig governed hj the same laws, would assume similar di- 
jBotions. 

VELOCITY OP WIND. 

I 742. The velocity of aerial movements amount, according to 
inthors, from to upwards of lOG miles an hour ; but the max- 
Uium is variously stated by different experiments, nor do we 
lee how any great degree of accuracy can be attained on this 
point The best method is, to deduce the velocity, by the force 
rf wind ; which is done by an instrument invented for that pur- 
pose by Dr. Lind, a figure of which we here insert. 

743. Anemometer, or Wind Measurer. — ^It consists of a 
glass tube*. Fig, 167, bent into the form of the letter U, and 
open at both ends. The upper end of B is bent to the hori- 
Bontal direction, and is widened at the mouth for the purpose 
of receiving the wind. The tube being partly filled with water, 
and exposed to a current of air, the fluid is depressed in that, 
and of course rises in the. other leg of the tube. As the water 



743. What is the name of the Instrument which mearares the force of wind 1 Bo^ 
( it constructed ? 
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is on a level in both branches when the air is 
still, if it is depresft^ to B on one side, it 
must rise to GA)£ the other, the amount of 
rise, andponsequently the degree of force, be- 
ingjH^l^red by a graduated scale. Now as 
t)>6 pressure of water is as its height, the rise 
y^M the tube will not be in direct proportion to 
the foroe of the wind, but the velocity of the 
wind will be in the ratio of the square root of 
' the resistance. The tube is diminished at the 
base to check the undulations of the water. 

744. By this instrument it is found that 
the following popular expressions with respect 




Anemomeiler» 



to aerial currents, are indicated on the scale as here expressed. 

Velocity of the Wind in miles per hour. CkMn. appellation of the force of Wind 

1 , Hardly perceptible. 

4 .... Gentle breeze. 

6 Pleasant Wind. 

10 . Brisk wind. 

16 . . • Very brisk wind. 

20 High wind. 

30 .... Very high wind. 

40 A Storm. 

60 A hard storm. 

60 A great storm. 

80 . *. A hurricane. 

100 A violent hurricane. 



RAIN. 

745. Rain is falling water in the form of drops. It appears 
to result from the meeting of two clouds of different tempera 
tures. 

In explaining the theory of rain, it must be understood, that 
warm air has a greater capacity for moisture than cold. It ii 
also ascertained, that this capacity increases at a much faster 
ratio than the increase of temperature itselfj and hence it fol- 
lows that if two clouds at different temperatures, completely 
4 saturated, meet and mingle together, a precipitation of moisture 

744. What correspondence is there between the velocity of wind, and common ex* 

fireesionsl 745. What is rain ) What is said of the ratio of capacity for nioietur': 
ncreasinff faster than the temperature in clouds? Explain the reason why, wfien 
(wo clouds meet of different temperatures, raiu iss the rt* suit. 
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inst take place in consequence of the mixture. This would 
^uU from the fiict that the warmest cloud contained a greater 
ortion of moisture than is indicated hy its temperature, as 
Ated above, while the mixture would form a mean tempera- 
ire, but the mean quantity of vapor could not be retained, 
nee the sum of their capacities for vapor would thus be di- 
linished. 

V46. Suppose for example, that at the temperature of 15 de- 
rees, air can hold 200 parts of moisture ; then at 80 degrees 

would hold 400 parts, and at 45 degrees 800 parts. Now 
't two equal bulks of this air, one at 15, and the other at 45 
egrees be mixed, the compound would then contain 200 and 
00 parts of moisture ==1000, that is, 500 each, and the tem- 
erature of the mixture would be 80 degrees. But at this 
,'mperature, air is saturated with 400 parts of vapor, therefore, 
00 parts is rejected and falls in the. form of rain. 
This is Dr. Button's theory of rain, and observation has 
denied to prove its truth. 

747. Rain Gauge. — This is an instrument designed to 
leasure the quantity of rain which falls at any given time and 
lace. 

748. A variety of forms, some quite compli- no. 168. 
ated, have been invented for this purpose. The 
lost simple and convenient, for common pur- 
OSes, is that represented by Fig, 168. It may 
e two feet high, round in form, and made of 
.n, or copper, well painted. It is furnished with 

small metallic &ucet for drawing off the water, 
nd into the stem of this, is inserted a glass tube, 
a a scale, divided into inches and tenths of 
aches. This may be done by means of paper, 
tasted on and then varnished. 

The water will stand at the same height in the ^•'* ^«v« 
(lass dcale that it does in the cylinder, and being 
m the outside, the quantity may be known at a glance. If the 
unnel, or top, is twice the size of the cyli^ider, then, an inch in 
lu) scale will indicate half an inch received into the gauge, or 
hose proportions may be a tenth, when much accuracy is 
t)quired. 

• 

746. Whaf it the desifm of the rain mage 1 747. WEat are the forma and ^^^S^ 
)f thia inatmment 1 74& Deacribe the scale, and what it indicates with respect to 
he aize of the fannel and cy lindet 1 

10 





CHAPTER XL 

OPTICS. 

1. Tliis term^ derived front' the Greek, signifies seeing^ w to 
we. It is that scieTice which treats of vision^ and the hm^ 
properties, and phenomena of light 

2. It admits of two divisions^ viz., DiopirieSj or a disoonneoo 
the laws of refracted light, and Catoptrics, a tieatise on reflected 
light. 

This science involves some of the most elegant and import- 
ant branches of natural philosophy. It presents us with ezpo^ 
iments which are attractive by their beauty, and which aBtomdi 
us by their novelfy ; and, at the same time, it investigates tbe 
principles of some of the most useful among the artides of 
common life. 

8. There are two opinions concerning the nature of l^sht 
Some maintain that it is composed of material particles, which 
are constantly thrown off from the luminous body ; while otben 
suppose that it is a fluid, diffused through all nature, and thit 
the luminois, or burning body, occasions waves or unduIatMU 
m this fluid, by which the light is propagated in the same man- 
ner as sound is conveyed through the air. 

4. The most probable opinion, how'ever, is that light is com- 
posed of exceedingly minute particles of matter. But whatever 
may be the nature or cause of light, it has certain general prop- 
erties or effects which we can investigate. Thus, by experiment^ 
we can determine the laws by which it is governed in its ysfs- 
age through different transj^arent substances, and also those ht 
which it is governed when it strikes a substance through which 
it can not pass. We can likewise test its nature to a certain 
degree, by decomposing or dividing it into its elementary parts, 
as the chemist decomposes any substance he wishee to analyn. 

6. DeJtnitions.-^-To understand the science of optics, it i« 
necessary to define several terms, which, although some of them 
may be in common use, have ^ technical meaning, when ap- 
plied to this science. 

1. What Is the meaning: of optics 1 2, What are the meaning of dioptrlct and a** 
optricsl What is said of the elegance and importance of this science? 3. Whataiv 
the two opinions conceruinf the nature of lisht 1 4. What is the most probidllt <H>i» 
Ion? 6. What is light 1 
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lAght 18 that pfiDciple» or substanoe, which enabl<« us to nee 
any body from which it proceeds. If a luminous substanoe, as 
a burning candle, be carried into a dark room, the objects io 
the room become visible, because they reflect the liglit of the 
candle to our eyes. 

6. Lumirunia bodies are such as emit light from their own 
substance. The sun, fire, and phosphorus arc luminous bodies. 
The moon, and the other planets, are not luminous, since they 
borrow their li^t from the sun. 

7. Transparent bddies are such as permit the rays of light to 
pass freely Uirough them. Air and some of the gases are per- 
fectly transparent, since they transmit light without being visible 
themselves. Glass and water are also considered transparent, 
but they ar^ not perfectly so, since they are themselves visible, 
and therefore do not suffer the light to pass through them with- 
out interruption. 

8. Translucent bodies are such as permit the liglit to pass, 
but not in sufficient quantity to render objects distinct, when 
seen through them. 

9. Opaque is the reverse of transparent Any body which 
permits none of the rap of light to pass through it, is opaque. 

10. Illuminated, enlightened. Any thing is illuminated 
when the light shines Upon it so as to make it visible. Every 
object exposed to the sun is illuminated. A lamp illuminates a 
room, and every thing in it 

A Bay is a single line of light, as it comes from a luminous 
body. 

A Beam of light is a body of parallel rays. 

A Pencil of light is a body of diverging or converging rays. 

Divergent ^T&js are such as come from a point, and contin- 
ually separate wider apart as they proceed. 

Convergent rays are those which approach each other, so as 
to meet at a common point 

Luminous bodies emit rays, or pencils of light, in evory di- 
rection, so that the space through which they are visible, is 
filled with them at every possible point 

Thus, the sun illuminates every point of space, within the 
whole solar system. A hght, as that of a light-house, which 

6. What is a luminous body 1 7. What is a transparent body 1 Are friass and wa 
Cer perfectly transparent 7 How is it proved that air is perfectly transparent 7 8 
What are trans'ucent bodies? 9. What are opaque bodies 1 lU. What is meant by 
illuminated \ What is a ray of light ? What is a beam \ What a pencil 1 Wiiat ore 
divergent raysl What are convergent rays ) In what direction do luminous bodies 
emit light 1 How is it proved that a luminous body fills every point within a certain 
distance with light 7 
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ean be seen from the distance often miles in one directixm, filh 
every point in a circuit of ten miles from it, with light. Were 
this not the case, the light from it could not be ifteen from eyeiy 
point within that drcuraference. 

11. Motion of light. The ray 8 of light tnove /onotnrd in 
straight lines from the luminous hody^ and are never turned o^t 
€f their course^ except by some obstacle, 

no. lea 




MoHoH 9f Light. 

Let A, Fig. 169, be a beam of light from the sun pasBlng 
through a small orifice in the window shutter, B. The san 
can not be seen through the crooked tube C, because the beim 
passing in a straight line, strikes the side of the tube, and theie- 
fore does not pass through it 

12. All illuminated bodies, whether natural or artificial, throw 
off light in every direction of the same color as themself^ 
though the light with which they are illuminated is white or 
without color. 

This fact is obvious to all who are endowed with sight. Thus 
the light proceeding from grass is green, while that proceeding 
from a rose is red, and so of every otlier color. 

We shall be convinced, in another place, that the .white light 
with which things are illuminated, is really composed of several 
colors, and that bodies reflect only the rays of their own eokff, 
wHile they absorb all the other rays. 

13. Velocity of Light. — Light moves with the amazing nh 
pidity of ajx>ut 95 millions of miles in 8^ minutes, since it ii 
proved by certain astronomical observations, that the light of 
the sun comes to the earth in that time. This velocity is ao 
great, that to any distance at which an artificial light can be 
seen, it seems to be transmitted instantaneously. 



11. Why can not a beam of li^ht be seen fhroogh a bent tube ? 12. What is tbi 

color of ttie ligtit whicti different bodies throw offl If grass throws off ipreMi UgM, 

what becomes of the other rays ? 13. What is the rate of Telocity with which uB 

mores 1 Can wc nerceiTe any difference in the time which it takes an sitiMlk 

ight to pass t« OS from a great or small distance 1 
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If a ton of ganpowder were exploded on the top of a moun- 
tain, where its lignt could be seen a hundred miles, no percept- 
ible difference would be observed in tlie time of Jts appearance 
on the spot, and at the distance of a hundred miles. 

DIOrnilCI, OR THK RBFIUCTION OF UGHT. 

14. Although a ray of light toill pas8 in a straight line, when 
fwt interrupted^ yet when it passes obliquely from one transpar- 
ent body into another, of a different density, it leaves its linear 
direction, and is bent, or refracted more or less^ out of its former 
course. 

This change in the direction of light, no. ITO. 

seems to arise from a certain power, 
or quality, which transparent bodies 
possess in different degrees ; for some 
substances bend the rap of light much 
more obliquely than others. 

The manner in which the rays of 
light are refracted, may be readily un- 
derstood by Ftg, 170. 

Let A be a ray of the sun's light, 
proceeding obliquely toward the sur- RtfnetUm, 

face of the water C D, and let £ be 
the point which it would strike, if moving only through the air. 
Now, instead of passing through the water in the line A E, it 
will be bent or refracted, on entering the water, from O to 
N, and having passed through the fluid it is again refracted in 
a contrary direction on passing out of the water, and then pro- 
ceeds onward in a straight line as before. 

15. Cup and Shilling, — The refhiction of water is beauti 
fully proved by the following simple experiment Place an 
empty cup. Fig, 171, with a shilling on the bottom, in such a 
position that the side of the cup will just hide the piece of 
money from the eye. Then let another person fill the cup with 
water, keeping the eye in the same position as before. As the 
water is poured in, the shilling will become visible, appearing 
to rise wiUi the water. The effect of the water is to bend the 
ray of light coming from the shilling, so as to make it meet the 
eye below the point where it otherwise would. Thus the eye 

14. What Is meant by the refraction of light 1 Do all transparent bodies refraet 
light equalhr 1 Explain Fig. 170, and show how the ray is refracted in pa?f' "? ,»nto, 
and oat of the water. 15. Explain Fig. 171, and state the reason why the shUlUig 
•eeflu to be ralbed up by pooring in the water. 
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could not see the shilling in "*^ "*'" *'*• 

the direction of C, since the 
line of vision- toward A. and 
C is hidden by the " side of 
the cup. But the refVsiction 
of the water bends the ray 
downward, producing the 
same effi^ct as though the ob- 
ject had been raised upward, 
and hence it becomes \'isible. ^ 

16. Refraction hy Several ch^ ouj Shmng, 
Media. —*- Any transparent 

body through which light passes, is called a medium^ and it m 
found in all cases, *^ that where a ray of light passes Miqudff 
from one medium into another of a different density^ it is «- 
fracted, or turned out of its former cwirseP This is iUustrated 
in the above examples, the* water being a more dense medium 
than air. The refraction takes place at the surface of the me- 
dium, and the ray is refracted in its passage out of the refiad- 
ing substance as well as into it. 

1 7. K the ray, after having passed through the water, then 
strikes upon a still more dense medium, as a pane of glass, it 
will again be refracted. It is understood, that in all cases, the 
ray must fall upon the refracting medium obliquely, in order to 
be refracted, for if it proceeds from one medium to another pe^ 
pendicularly to their surfaces, it will pass straight through them 
all, and no refraction will take place. 

18. Thus, in Fig. 172, let A represent air, B water, and C a 
piece of glass. The ray D, striking each medium in a perpen- 
dicular direction, passes through them all in a straight line. 
The oblique ray passes through the air in the direction of C, 
but meeting the water, is refracted in the direction of O ; then 
falling u jx)n the glass, it is again refracted in the direction of 
P, nearly parallel with the perpendicular line D. 

19. In all cases where the ray passes out of a rarer into a 
denser medium, it is refracted totoard a perpendicular line^ 
raised from the surface of the denser medium, and so, whim it 
passes out of a denser, into a rarer medium, it is refracUA 
from the same perpendicular. 

16. What is a merlium ? In what direction must a ray of light pass from one IM> 
dium to another, to be refracted ? 17 \Vin & ^^y f&lling perpendicularly on » mrdiun 
be refracted 1 18. Explain Fig. 172, anj show how the ray E is refracted. 19. Wh« 
h passes out of a rarer into a denser medium, in what direction is it refracted ? Wb«i 
It passes out of a denser into a rar«f medium, in what direction is the refinetiomi 
Explain this by Fig. ird. ^^^^ °*^ 
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Let tbe medinm 6, Fit/. 173, be glass, iind the medium C, 
water. The r«y A, bi it falls upon the medium B, is n.'fracte'l 
toward the perpendiculnr lino E I) ; but when it enters the wa- 
ter, whose refractive power is less thiin that cif gliL-w, it is not 
bent 90 near the perpendieular as before, and hence it is re- 
fracted from, instead of toward the perjtcndiculsr line, and ii]i- 
pruuches the original direction of the rav A G, when piiKsiii;; 




Ut, Wdlir, md fflow. 



20. The cause of refmction ap]iears to be the power of at- 
traction, which the denser medium exerts oA the passing ray; 
and in all cases the attracting force acts in the direction of a 
per[>endi<;ulfir to the refracting surface. 

21. Hffraelion by Waler.—The refraction of the rays of 
light, as they fall upon the aiirfiice of the wate*. is the reason 
whv a straight rod, with one end in the water, and the other 
end riwng above it, 8p])cars to be broken, or bent, and aleo to 
be sliortened. 

Suppose tlie rod A, Fir/. n4,»to be set with one half of its 
lengtn below the snrface of the water, and tlie other half above 
it. The eye being placed in an oblique direction, will see the 
lower end apparently at the point O, while the real termination 
of the rod would he at N ; the refraction will therefore make 
the rod appear ehorter by the distance from to N, or one- 
fourth shorter than the part below the water really is. The 
reason why the rod appears distorted, or broken, i^, that we 



IT In ■ pond >ppur 1 



I or,nfnetlon 1 31. WtaU i( 
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judge of the directioii of the part which k under the wster, by 
that which is above it, and the refraction of the rays condi^ 
from below the sur&ce of the water, give them a different direc- 
tion, when compared with those coming from that part of the 
rod which is above it. Hence, when me whole rod is below 
the water, no such distorted appearance is obeerved, becanae 
then all the rays are refracted equally. 

For the reason just explained, persona are often decdved in 
respect to the depth of water, the refraction making it appear 
much more shallow than it really is ; and there is no doubt but 
the most serious accidents have often happened to those who 
have gone into the water under such deception ; for a pond 
which is really six feet deep, will appear to the eye only a little 
more than four feet deep. • 

DOUBLE UEFIUCnOlf. 

22. By double refraction is meant that property m eertm 
native minerals^ by which they transmit two imoLgtB pf a mi^ 

object. 

This property is most perfect in specimens of carbonate of 
lime, usually called Iceland spar ; the latter name being fonn- 
erly given to the fine specimens from that country. At present) 
these rhomboids are found in most primitive limestone conntriei. 

A perfect piece, two inches in diameter, will show the Knes 
about a quarter of^an inch apart, the greater the thickness the 
more distant will be the images presented. Sometimes two or 
three pieces of different sizes, are wanted by the ezperimenten. 




If a piece of this spar be 1a»d over a black line, and then be 
made to revolve slowly, it will be observed that the doubly re- 
fractive power increases in proportion as the acute angles of the 
rhomb correspond to the direction of the line, when the refrac- 
tion is greatest, or the two lines are widest apart On the con- 
trary, if the crystal is turned in either direction beyond this 
point, the refracted lines approach each other, until the short 
diagonal or obtuse angles, correspond with the line, when the 
double refraction ceases entirely^ and only a single line appean. 



22. What la meant bj doQble refraetion 1 Explain ita 
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XxpiamaiuHL — ^The cause of this difierence is, that when. the 
aoQte angles of the rhomb correspond to the black line, the re- 
fracted raj is most widely separated from the common raj, 
which depends on the thickness of the crystal, but when the 
position is reversed, the common ray is brought into the exact 
line of the refracted one, thus forming only a single line. 
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.23. If a boy throws his ball against the side of a house swiftly, 
and in a perpendicular direction, it will bound back nearly m 
the line in which it was thrown, and he will be able to catch it 
with his hands ; but if the ball be thrown obliquely to the right, 
or left, it will bound away from the side of the house in the 
same relative direction in which it was thrown. 

The reflection of light, so far as regards the line of approach, 
and the line of leaving a reflecting sur&ce, is governed by the 
same law. 

Thus, if a sunbeam, Mg, 175, passing through a small aper- 
ture in the window-shutter A, be permitted to fall upon the 
plane* mirror, or looking-glass, C, D, at right-angles, it will be 
reflected back at right-angles with the mirror, and therefore 
will pass back again in exactly the same direction in which it 
approached. 



no. n& 



no. ITS. FIG. 177. 

30 



I 

I . 1^ 



O 





B^wUo^ ^ £4fkL 



24. But if the ray strikes the mirror in an oblique direction, 
it will also be thrown off in an oblique direction, opposite to 
that from which it came. 



23. Suppose a gnnbeam &li8 upon a plane mirror, at rightangles with its rarftee, 
Wi what d&ectloii wiU U be reflected 1 94. Suppote the ray fiOls obJiquely on its lor- 
in what direetion will it then be reflected f 

10* 
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Let a ray pass toward a mhror in the line A C, Fig. 176,% 
will be reflected off in the direction D, niaking the angles 1 
and 2 exactly equal. 

The ray A C, is called the incident ray, and the ray G D, 
the reflected ray ; and it is found, in all cases, that whatever 
angle the ray of incidence makes with the reflecting snr&oe, oi 
with a perpendicular line drawn from the reflecting surface, ex- 
actly the same angle is made by the reflected ray. 

25. From these facts, arises the general law in optics, that 
the angle of reflection is equal to the angle of incidence. 

The ray A C, Fig. 177, is the ray of incidence, and thst 
from C to D, is th^ ray of reflection. The ansies which A G, 
make with the perpendicular hne, and with the plane of the 
mirror, are exacUy equal to those made by C D, with the same 
perpendicular, and the same plane sur&ce. 

MIRRORS. 

26. Mirrors are of three kinds^ namely, plane^ convex^ and 
concave. They are made of polished metal, or of glass covered 
on the back with an amalgam of tin and' quicksilver. 

Plane Mirror. — The common looking^lass is a plane nm<- 
ror, and consists of a plate of ground ^lass so highly polished 
as to permit the rays of light to pass tibrough it with little in- 
terruption. On the back of this plate is placed the reflecting 
surface, which consists of a mixture of tin and mercury. The 
glass plate, therefore, only answers the purpose of sustaining the 
metallic surface in its place,— of admitting the rays of light to 
and from it, and of preventing its surface from tarnishing, by 
excluding the air. Could the metallic surface, however, be re- 
tained in its place, and not exposed to the air, without the glasi 
plate, these miiTors would be much more perfect than they are, 
since, in practice, glass can not be made so perfect as to trans- 
mit all the rays of light which fall on its surface. 

27. When applied to the plane mirror, the angles of incidence 
and of reflection are equal, as already stated ; and it therefore 
follows, that when the rays of light fall upon it obliquely in one 
direction, they are thrown off under the same angle in the op- 
posite direction. 

What is an incident ray cf light 1 What is a reflected ray oflig ht 1 26. What gen- 
eral law in optics results from observations on the incident and reflected rayel 261 
Bow many kinds of mirrors are there 1 What kind of mirror is the common look* 
nf ;plafis 1 Of what use is the kUuss plate in the construction of this mirror 1 27. Ex- 
plain Fig 178, and show how the imure of an object can be seen In a pluie minor 
when the real object is invisible. 



I 



MIRBClOi. 



S27 




Sfual Angtu. 



This is the reaaon why the images of ^^' ^^ 

objects can be seen when the objects 
themselves are not visible. 

Suppose the mirror, A B, Fig. 178, 
to be placed on the side of a room, and 
a lamp to be set in another room, but 
so situated &s that its light would shine 
upon the glass. The lamp itself could 
not be seen bj the eye placed at £, be- 
cause the partition D is between them ; 
but its ima^e would be visible at £, be- 
cause the angle of the incident ray, • 
coming from tiie light, and that of the 
reflected ray which reaches the eye, are equal. 

28. An image from a plane mirror appears to be just aefar 
behind the mirror ^ as the object is before it, so that when a per- 
son approaches this mirror, his image seems to come forward to 
meet him ; and when he vnthdraws from it, his image appears 
to be moving backward at the same rate. 

U, for instance, one end of a rod, two feet long, be made to 
touch the surface of such a mirror, this end of the rod, and its 
image, will seem nearly to touch each other, there being only 
the thickness of the glass between them ; while the other end 
of the rod, and the other end of its image, will appear to be 
equally distant from the point of contact 

29. The reason of this is ex- 
plained on the principle that the 
angle of incidence and that of 
reflection are equal. 

Suppose the arrow A to be 
the object reflected by the mir- 
ror D C, Fig. 179; the incident 
rays A, flowing from the end of 
the arrow, being thrown back 
by reflection, will meet the eye 
in the same state of divergence 
Uiat they would do, if they pro- 
ceed to the same distance be- 
hind the mirror, that the eye is 

before it, as at O. Tfierefore, by the same law, the reflected 
rays, where they meet the eye at E, appear to diverge from a 

28. The image of an object appears just as far behind a plane mirror, •» the ol||eet 
te before it. 29. Explain Fig. i79, and show why this is (he case. 
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point n, just as far behind the mirror as A is before it» and 
consequently the end of the arrow most remote from the glm 
will appear to be at H, or the point where the approadhing 
rays would meet, were they continued onward behind the glass. 
The rays flowinc: from every other part of the arrow follow the 
same law ; and thus every part of the image seems to be at 
the same distance behind the mirror that the object really is 
before it. ; 

30. In a 2)lane mirror^ a person may see his whole imofft, 
when the mirr&t is only half as long as himself lei him stand 
at any distance from it whaiever. 

This is also explained by the law, that the angles of inddenoe 
and reflection are equal. If the mirror be elevated so that the 
ray of light from the eye falls perpendicularly upon the mirror, 
this ray will be thrown back by reflection in the same direction, 
so that the incident and reflected ray by which the imagp of 
the eyes and face are formed, will be nearly parallel, while the 
ray flowing from his feet will fall on the mirror obliquely, and 
will be reflected as obliquely in the contrary direction, and so 
of all the other rays by which the image of the different parts 
of the person is formed. 

This will be under- ^® ^^ 

stood by Fig. 180, ^ 
where the ray of light 
A B, proceeding from 
the eye, falling perpen- 
dicularly on the plane 
mirror B D, will be re- 
flected back in the same 

hne: but the ray C D Mirror half the Length of the Ottfeet 

coming frono the feet, 
which falls obliquely on the mirror, will be reflected back undei 
the °ame angle in the line D A ; and since we see objects in 
the direction of the reflected rays, and the image appears at the 
same distance behind the mirror that the object is before it, 
(28,) we must continue the line A D to the feet, E, and for the 
same reason, the rays A B, from the eye, must be prolonged to 
F, as far behind the mirror as the line E extends, where the 
whole image will be represented. 

Now, the hne D E, behind the mirror, is just equal to D A 




30. What must be the comparative lenijth of a plane mirror in which a person maj 
•ee his whole image 1 Explain, by the lii^es in Fig. 180, why it is that a lady mar aet 
herself ID a mirror one half her length 
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before it ; and the distaDce of A C is just twice that of B D ; 
therefore, the whole person is seen in a mirror of half its length, 
the image being as far behind the reflector as the object is 
before it. 

81. A shorter mirror would not show the whole person, be- 
cause the rays coming from the feet would (all so obliquely upon 
it as to be reflected above his head, and thus could not be seen ; 
but another placed there might see the whole image, though 
the owner could not 
- 32. Convex Mirror. — A con- 
vex mirror is a part of a sphere, 
or globe, reflecting from the out- 
tide. 

Suppose Fig. 181 to be a 
sphere, then the part from A to O, 
would be a section of the sphere. 
Any part of a hollow ball of glass, 
with an amalgam of tin and quick- 
silver spread on the inside, or any 
part of a metallic globe polished 
on the outside, would form a con- 
vex mirror. 

The cuds of a convex mirror, is a line, as C B, passing through 
its center. 

33. Divergent and Convergent 
Bays, — Rays of light are said to 
diverge, when they proceed from 
the same point, and constantly re- 
cede from each other, as from the 
point A, Fig, 1 82. Rays of light 
are said to converge, when they 
approach in such a direction as 

finally to meet at a point, as at B, Fig, 182. 

The image formed by a plane mirror, as we have already 
seen, is of the same size as the object, but the image reflected 
from the convex mirror is always smaller than the object. 

The law which governs the passage of light vnth respect to 
the angles of incidence and reflection, to and from the convex 
mirror, is the same as already stated, for the plane mirror. 

34. From the surface of a plane mirror, parallel rays are re- 



OmteM Mirror. 
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31. Why can not a perron see his whole figure in a mJrror less than half hte 'engtn 7 
32. What IB a convex mirror 1. What is the axis of a eonyex mirror 1 33 ^"f\ we 
divericinff rays 1 What are convennDC rays 1 What law fCTerns the passage of light 
from and to the convex mirror 7 
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FIG. 183L 




Divergent Sojfg, 



fleeted parallel ; but the convex minor canseB parallel imyi fidt 

ing on its sur^Eice to diverge^ by reflection. 

To make this understood, let 1, 
2, 3, Fiff. 183, be parallel rays, 
falling on the surface of the convex 
reflector, of which A would be the 
center, were the reflector a whole 
sphere. The ray 2 is perpendicu- 
lar to the surface of the mirror, for 
when continued in the same direc- 
tion, it strikes the axis, or center 
of the circle A. The two rays, 1 
and 3, being parallel to this, all 
three would fall on a plane mirror 
in a perpendicular direction, and 
consequently would be reflected in 
the lines of their incidence. But 
the obliquity of the convex surfiace, 
it is obvious, will render the direc- 
tion of the rays 1 and 3 oblique to that surface, for the same 
reason that 2 is perpendicular to that part of the circle on which 
it falls. Rays falling on any part of this mirror, in a direction 
which, if continued through the circumference, would strike the 
center, are perpendicular to the side where they fell. Thus, the 
dotted lines, C A and D A, are perpendicular to the surface, as 
well as 2. 

Now the reflection of the ray 2, will be back in the line of 
its incidence, but the rays 1 and 3, falling obliquely, are reflected 
under the same angles as those at which they fell, and there- 
fore their lines of reflection will be as far without the perpen- 
dicular lines C A and D A, as the lines of their incident rays, 
1 and 3, are within them, and consequently they will diverge 
in the direction of E and O ; and since we always see the imace 
in the direction of the reflected ray, an object placed at one, woud 
appear behind the surface of the mirror, at N, or in the diree- 
tion of the line O N. 

35. Plane Surfaces. — Perhaps the subject of the convex 

mirror will be better understood, by considering its surfeoe to 

* be formed of a number of plane feces, indefinitely small. In 

this case, each point from which a ray is rejected, would act in 



84. Are parallel rays falling on a convex mirror, reflected paVallelt Kgplain ?%. 
183. 36. How is the action of the convex mirror illustrated bjf a nninber of plui 
mirrors 1 Explain Fiffs. 184 and 185. 
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If tiie same manner as a plane mirror, and the whole, in the man- 
ner of a number of minute mirrors inclined from each other. 

Suppose A and B, Fig, 184, to be the points on a convex 
mirror, from which the two parallel rays, C and D, are reflected. 
Now, from the snrfEuse of a plane mirror, the reflected rajs 
would be parallel, whenever the incident ones are so, because each 
will fall upon the surface under the same angles. But it is ob- 
yious, in the present case, that these rays fall upon the surfaces, 
A and B, under different angles, as respects the surfaces, C ap- 
proaching in a more oblique direction than D ; consequently C 

' IS reflect^ more obliquely than D, and the two reflected rays, 
instead of being parallel as before, diverge in the direction of N 
andO. 

FIG. 184: FIO. 186. 
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Again, the two converging rays A and B, Fig, 185, without 
the interposition of the reflecting surfaces, would meet at C, but 
because the angles of reflection are equal to those of incidence, 
and because the surfaces of reflection are inclined from each 
other, these rays are reflected less* convergent, and instead of 
meeting at the same distance before the mirror that C is behind 
it, are sent off in the direction of D, at which point they meet 

36. " Thus parallel rays falling on a convex mirror ^ are ren- 
dered divergent hy reflection ; converging rays are made less 
convergent^ or parallel, and diverging rays more divergent. 

The effect of the convex mirror, therefore, is to disperse the 

38. What effect docs the convex mirror have upon parallel rays by reflexion 1 
What is its effect on converjfing rays 1 What is its effect on diverginfc rays? Do the 
rays of light proceed only from the extremities of objects, as represented m tigurM, 
or firom all their parts 1 Do all the rays of light proceeding from an object enter the 
eye, or only a few of them 1 
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rays <tf light in all diredaons ; and it is proper here to Temisd 
the pupil, that although the rajs of light are represented pa 
paper by single lines, there are, in fiict, probably millions of 
rays, proceeding from every point of all visible bodies. Only a 
comparatively small number of these rays, it is true, can enter 
the eye, for it is only by those which proceed in straight lines 
from the different parts of the object, and enter the pupil, that 
the sense of vision is excited. 

37. When, therefore, it is said, that the convex mirror dis- 
perses the rays of light which fall upon it from any object, and 
when the direction of these reflected rays are shown only by- 
single Hnes, it must be remembered, that each line represents 
pencils of rays, and that the light not only flows from the parts 
of the object thus designated, but from all the other parts. 
Were this not the case^he object would be visible only at cer* 
tain points. 

38. Curved Images. — 7%e images of objects reflected from 
the convex mirror, appear curved, because their different parts 
are not equally^ distant from its surface. 

If the object A be placed 
obliquely before the convex ' ^®- ^^ 

mirror, Fig. 186, then the 
converging rays from its two 
extremities filing obliquely 
on its surface, would, were 
they prolonged through the 
mirror, meet at the point 0, 
behind it But instead of 
being thus continued, they Curved image, 

a^ thrown back by the mir- 
ror in less convergent Hnes, which meet the eye at E, it being, 
as we have seen, one of the properties of this mirror, to reflect 
converging rays less convergent than before. 

The image being always seen in the direction from which the 
rays approach the* eye, it appears behind the mirror at D. If* 
the eye be kept in the same position, and the object. A, be 
moved further from the mirror, its image will appear smaller, 
in a proportion inversely to the dii^tance to which it is removed- 
^ Consequently, by the same law, thte two ends of a straight ob- 
. ject will appear smaller than its middle, because they are further 




37. What would be the conscqaence, if the raykof light proceeded only from th« 
parts of an object shown in diagrams 1 38. Why diP tlie imagevof objects reflected 
ih>m convex mirrors appear cnnred 1 Why do thA features of the hce appear o«ft 
of proportion by this mirror? ^ 
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IftMn the reflecting surfaoe of the mirror. Thiu, the inuiffes of 
«6aight objects, b^ld before a convex mirror, a|^>ear curved, and 
for the «ame reaeon, the features of the face appear out of pro- 
portion, the nose being too large, and the cheess too small, or 
narrow. 

39. Why Obfeeti appear Largt or Small. — ^Objects appear to 
US laige or small, in proportion to the angle which the rays of 
light, proceeding from their extreme' parts, form, when they 
meet at the eje. For it is plain that the half of any object will 
appear under a less angle than the whole, and the quarter 
ttpder a less aiigie still. Therefore the smaller an object is, the 
smaller will be the ang]e under which it will appear at a given 
distance. Iferux the image <^ an object^ when rejlected from the 
convex mirror^ appears smaUer than the object itself . This will 
be understood by Fig. 187. 

Suppose the rays flowing from the extremities of the object 
A, to be reflected back ify C, under the same degrees of con- 
vergence at which they strike the mirror; then, as in the plane 
mirror, the image D would appear of the same size as the ob- 
ject A; for if the rays from A were prolonged behind the 
mirror, they would meet at B, but forming the same angle, by 
reflection, that they would do, if thus prolonged, the object seen 
from B, and its image from C, would appear of the same 
dimensions. 

F10. 187. no. 1881 
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Object Dimini9hed, Convex Mirror. 

But instead of this, the rays from the arrow A, being rendered 
less convergent by reflection, are continued onward, and meet 
the eye under a more acute angle than at C, the angle under 
whicn they actually meet, being represented at E, oonsequentlv 

«. — ■ ■ • — _. ___— _^^-^^_^^_— _— _— ^— — — — — — >— 

99. Why does an fmaf e reflected from a convex sarface appear smaller thini tht 
c 4wt 1 Why doe» the half of an object appear to ihe eye am&lier thaa tba wholt 1 
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the image of the object is ^ortened in proporticm to the acnt^ 
ness of thi» angle, and the object appears diminiBhed as reprs- 
sented at O. 

40. The image of an c^ect appears letSy as the object is rv- 
moved to a greater distance from a convex mirror. 

To exj>lain this, let us suppose that the arrow A, Fig. 188, 
is diminished by reflection from the convex sor&oe, so that iti 
image appearing at D, with the eye at G, shall seem as mndi 
smaller in proportion to the object, as D is less than A. Now, 
keeping the eye at the same distance from the mirror, withdraw 
the object, so that it shall be equally distant with the eye, and 
the image will gradually diminish, as the arrow iq removed. 

The reason will be made plain by the next figure; for as ths 
arrow is moved backward, the angle at C, Fig, 189, must be 
diminished, because the ravs flowing from the extremities of the 
object fall a greater distance before they reach the sur&ce of 
the mirror ; and as the angles of the reflected rays bear a pro- 
portion to those of the incident ones, so the angle of vision will 
become less in proj)ortion, as the object is witlidrawn. The 
effect, therefore, of withdrawing the object, is first to lessen the 
distance between the converging rays, flowing from it, at the 
point where they strike the mirror, and as a consequence, to 
diminish the angle under which the reflected rays convey iti 
image to the eye. 

41. Why the Image seem^ near the Surface, — In the plane 
mirror, as already shown, the image appears exactly as fiu* be- 
hind the mirror as the object is before it, but the convex mirror 
shows the image just under the surface, or, when the object is 
removed to a distance, a little way behind it. To understand 
th^ reason of this diftbrence, it must be remembered, that the 
plane mirror makes the image seem »s. far behind, as the object 
is before it, because the rays are reflected in the same relative 
position at which they fall upon its surface. Thus parallel rap 
are reflected j)arallel ; divergent rays equally divergent, aud 
convergent rays equally convergent. But the convex mirror, as 
also above shown, (36,) reflects convergent rays less convergent, 
and divergent rays more divergent, and it is from this property 
of the convex mirror that the image appears near its «urface| 



40. How is the imai^e aflTected when the object is withdrawn from the surftee of i 

•"nv»x mirror 1 Explani Fijrs. 187 and 188, and show the reason why rh«» imafrsan 

■'•hed when the objects are removed from the convex mirror. What is saitl !• 

-ffect of withdrawinir the object from a convex surfece, and what thecoi 

on the angle of reflected rays 1 41. Explain the reaaon why tha Uuft 

Mr the rarlaceofthe convex mirror. />> 



S85 








and not as far behind it as the object is before it, as in the 
plane mirror. 

Let ns suppose that A, Fig. 190, is a luminous point, from 
which a pencil of diverging rays falls upon a convex mirror. 
These rays, as already demonstrated, will be reflected more 
divergent, and consequently will meet the eye at E, in a wider 
state of dispersion than they fell upon the mirror at O. Now, 
as the image will appear at the point where the diverging rajrs 
woold converge to a focus in a contrary direction, were they 
prolonged behind the mirror, so it can not appear as far behind 
the reflecting surface as the object is before it, for the more 
widely the rays meeting at the eye are separated, the shorter 
will be the distance at which they will come to a point. The 
image will, therefore, appear at N, instead of appearing at an 
eqiuJ distance behind the mirror that the object A is before it. 



CONCAVE MIRROR. 



42. The reflection of the concave mirror takes place from its 
inside, or concuve surface j while that of the convex mirror is 
from the outside, or convex surface. Thus the section of a 
metallic sphere, polished on both sides, is both a concave and 
convex mirror, as one or the other side in employed for reflection. 

The eflfects and phenomena of this mirror will therefore be, in 
many respects, directly the contrary from those already detailed 
in reference to the convex mirror. 

From the plane mirror, the relation of the incident rays is 
not changed by reflection ; from the convex mirror they are dis- 

42. What is the shape of the concave mirror, aod in what respect dees it differ 
firom the convex mirror 1 How may convex and concave mirrors be united in the 
wme Instrument 1 What is thedinerenca of eflisct between the concave, convex. 
iDd plane mirrara, on the reflected rays ? 
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persed ; hut the concave mirror renders the rayM reflected from 
%t more convergent^ and tends to concentrate them into a /ocus. 

The surface of the concave mirror, like that of the convei^ 
may be considered as a great number of minute plane mirroi% 
inclined to, instead of from, each other at certain anglee^ in pro- 
portion to its concavity. 

The laws of incidence and reflection are the same, when ap- 
plied to the concave mirror as those already^xplained in re£v- 
ence to the other mirrors. 

43. Plane Mirrors Inclined,— -In refer- ^^^' *•*• 
ence to the concave mirror, let us, in the 
first place, examine the effect of two plane 
mirrors inclined to each other, as in Fip. 
191', on parallel rays of light. The inci- 
dent rays, A and B, being parallel before 
they reach the reflectors, are thrown off at 
unequal angles in respect to each other, for 
B falls on the mirror more obliquely than 
A, and consequently is thrown off more ob- 
liquely in a contrary direction, therefore, the 
angles of reflection being equal to those of incidence, the* two 
rays meet at C. 

Tlius we see thai the effect of two plane mirrors inclined to 
each otker^ is to make parallel rays converge and meet in a 
focus. 

The effect of this mirror, as we have seen, being to render 
parallel rays convergent, the same principle will render diveig- 
ing rays parallel, and converging rays still more convergent. 

44. Focus of a Concave Mirror, — The focus of a concave 
mirror is the point where the rays are brought together by re- 
flection. The center of concavity in a concave mirror, is the 
center of the sphere, of which the mirror is a part. In all con- 
cave mirrors, the focus of parallel rays, or rays falling directly 
from the sun, is at the distance of half the semi-diameter of the 
sphere, or globe, of which the reflector is a part 

Thus, the parallel rays 1, 2, 3, d^c, Fig, 192, all meet at. the 
point O, which is half the distance between the center A, of the 
whole sphere, and the surface of the reflector, and therefore one 
quarter the diameter of the whole sphere, of which the mirror 
is a part. • 

^ In what respect may the concave mirror be considered as a number of plsM 
ynl 44. What is the iocus of a concave mirror 1 .At what dittaoM from Hi 
ee to the foeas of parallel rays in this mirror 1 
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45. Prmc^Ml Ibeut, 
" —In concave mirrors, of 
all dimensions, the re- 
fteeted rays follow the 
sanie law ; that is, par- 
allel rays meet and cross 
each other at the dis- 
tance of one-fourth the ' 
diameter of the sphere 
of which they are sec- 
tions. This point is call- 
ed the principal focus 
of the reflector. 

Bat if the incident 
rays are divergent, the '^*«« eT « ctmeav Mirror. 

focus will be removed 

to a greater distance from the surface of the mirror, than when 
thej are parallel, in proportion to their divergence. 
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This might be inferred from the general laws of incidence and 
lefiectiott, but will be made obvious by Fig, 193, where the 
diverging rays 1, 2, 8, 4, form a focus at the point 0, whereas, 
had wey been parallel, their focus would have been at A. That 
is, the actual focus is at the center of the sphere, instead of be- 
ing half way between the center and circumference, as is the 
case when the incident rajrs are parallel. The real focus, there- 
fore, is beyond, or without, the principal focus of the mirror. 



46. Wfiat is the principal fbcas of a concaTe mirror 1 If the incident rays are dl 
Teiirent, where will be the focas 1 If the incident rays are couTerg ent, where will Im 
the focus 1 
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By the Ktma law, eonvtrpmg rays viU fonn a paimt mitkm 
the prinapal foevt of Ihe mirror. 

Thus, were the rays falling oa the miiTor, /^. 194, pantk^ 
tlie focus would be at A ; but in consequence of their prerioa^ 
convei^nce, they are brought together at a less distance tliu 
the principal focus, and meet at O. 

48. Objects within thb Foccb. — Tht eoneave tnimr, what 
ike object is nearer to it than the principal fonu, preaenti Ihi 
image larger than the object, erect, and behind the vtirrvr. 

To explain this, let us 
^suppose the object A, ns, ig^ 

Fig. 195, to be placed 
before the mirror, and 
Dearer to it than the prin- 
dpsi focus. Then the 
lays proceeding from the 
extremitiee of the object 
without inlerruption, 
would continue lo dive^ 
in the lines O and N, as 
eeen behind the mirror; 
but, by reflection they 
are made to diverge lees 
than before, and conse- 
quently to make the an- * 
gle under which they meet more obtuse at the eye B, than it 
would be if tbey continued onward to E, where they wooM 
have met without reflec- 
tion. The result, there- . "«■ "^ 
fore, is to render the image 
H, upon the eye, as mud^ 
lai^r than the object A, 
as the angle at the eve 
is more obtuse than wa 
angle at 0. 

47. Magnified Suman 
Face. — A more striking 
illustration of this princi- 
ple is seen at Fig. 196. 
When the concave mir- 
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ror m latge, aaj bx indiM in diameter and eij^t or ten inches 
local distance, it enhibita the human face of enormoua hulk, the 
spectator being frightened at the size and coarseness of his own 
features. Thua, if the &ce he prewnted within tlie [jriiicijial 
focuB of the mirror, as at B, the magnified iniiige will be seen 
as far behind the mirror as the face is V-fore it, as ut A, and 
will appear two or tlicee times the size of the bee, accurdiiig to 
the power of tlie reflector; the reason of whicii had already 
been explained and illustrated by fiff. 106. 

48. Cvriout Dtctptiont hy Concave Mirrors. — From tlio 
property of the ooncave mirror to form an inverted imnge of 
the object suspended in the air, many curious and aurpriHing 
deceptions may be produced. Thus, when the mirror, the ol> 
ject, and tlie light, are placed bo that they can not be seen, 
(which may be done by placing a screen before the light, atid 
permitting the reflected raj's to pass through a BmalJ aperture 
in another screen,) the person mistakes the image of the object 
for its reality, and not underatanding the deception, tliinks he 
■eea persons walking with heads downward, and cups of water 
turned bottom upward, without spilliug a drop. Again, he 
sees clusters of df lidous fruit, and when invited to help himself 
on reaching out his hand for that purpose, he finds that tlie ob- 
ject dther suddenly vanishes from his sight, owing to his having 
moved his eye out of the proper range, or that it is intangible. 

49. One method of ef- 
fectjng such deceptions, is 
ahown hfFig. 197, where 
A is a laFge concave mir- 
ror, six or eight inches in 
diameter, placed on the 
back part of a dark box ; 
the performer D, is con- 
oealiKl &om the spectators 
i^ the partition C; the 
■tiODg light E, is also oon- 
oealed by the partition I, 
but is thrown upon the 
»2tor, or any thing he 
holds in his hand. If he 
holds a bt>okj as shown by 
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the figure, the Ught reflected firom A, will pass between the pAr 
titioDs, G and I, to the mirror, and will reflect the image of the 
book to Z, where it will appear so distinct and tangible, that a 
person looking through the opening at X, will have no doubt 
that it is a real book, and will be much astonished to fiqd, when 
he puts out his hand to take it, that it has no substance, and 
that his hand will pass through it, as though it was nothing 
but a shadow, which he can not at first be made to believe is 
the case. 

50. Heat Produced hy a Covicave Mirror, — ^The concave 
mirror having the property of converging the rays of light, is 
equally efficient in concentrating the rays of heat, either separ- 
ately or with the light. When, therefore, such a mirror is pre- 
sented to the rays of the sun, it brings them to a focus, so as 
to produce degrees of heat in proportion to the extent and pe^ 
fection of its reflecting surface. ^ A metallic mirror of this kmd, 
of only four or six inches in diameter, will fuse metals, set wood 
on fire, <fec. 

51. Experiment with a Hot Ball, — As the parallel rays of 
heat or light are brought to a focus at the distance of one qu8^ 
ter of the diameter of the sphere, of which the reflector is t 
section, so if a luminous or heated body be placed at this point, 
the rays from such body passing to the mirror will be reflected 
from all parts of its surface, in parallel lines ; and the rays so 
reflected by the same law, will be brought to a focus by an- 
other mirror standing opposite to this. 

52. Suppose a red-hot ball to be placed in the principal focus 
of the mirror A, Fig. 198, the rays of heat and light proceed- 
ing from it will be reflected in the parallel lines 1, 2, 3, dec 
The reason of this is the same as that which causes parallel 
rays, when falling on the mirror, to be converged to a focns. 
The angles of incidence being equal to those of reflection, it 
makes no diflerence in this respect, whether the rays pass to or 
from the focus. In one case, parallel incident rays from the 
sun, are concentrated by reflection ; and in the other, incident 
diverging rays, from the heated ball, are made parallel by 
reflection. 

The rays, therefore, flowing from the hot ball to the mirror 



50. Will the concave mirror concentrate the rays of heat, as well aa those oTlifhtt 
51. Suppose a luminous bodv be placed in the focus of a concave mirror, in whti di- 
rection will its rays be renectea? 62. Explain Fig 198, and show why the n^ 
from the focus of A are concentrated in the focus B. What curious ezperim«iiCy mty 
be made by two concave mirrors placed opposite to each other by a not ball t How 
may it be shown that beat and light are distinct principles ? 
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A, are thrawri into parallel lines by reflection, and Uieea ts- 
Bected rara, in respect to the mirror B, become the rajs of ind- 
denee, which are again brought to a focus b; reflection. 

ntOB (he heat of the ball, by being placed in the Ibcus of one 
mirror, is brought to a focus bj Uie reflection of the othw 
nuTTor. 

To ahow that heat and light are separate principles, place a 
piece of phosphorus in the focus of B, and wnen uie ball it so 
ooot M not to be luminous, remove the screen, and the phoe- 
l^onu will instantly inflame. 

63. Beeeplion by Several Mirrors. — The wonderful feat of 
reading through a brick, sometimes exhibited in the streets, at 
ft pttinjr a head, is expiuned by ^t^. 199. 
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T\k apparatus consists of five short^ubes jointed at right-an- 
^es, and oont^ing four mirron placed at the angle of 4fi° to 
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the incident rays of light, flowing, first, from the object to be 
seen, and then from one mirror to the other. Thus the rays 
from the object P, pass to the mirror L, through the tube D C, 
and from L are reflected to H, and from H, horizontally, to 6, 
and from G, vertically, to K, and lastly, from K horizontally to 
the eye. 

Now the angle of reflection, being equal to that of incidence, 
each mirror has the eflect to change the direction of the rap of 
light equal to that of a quarter of a circle, and the four mirroTB, 
therefore, produce a change equal to that of an entire circle. 

REFRACTION BT LENSES. 

54. A Lens is a transparent body, generally made of glass^ 
and so shaped that the rays of light in passing through it are 
either collected together or dispersed. Lens is a Latin word, 
which comes from lentil e, a small flat bean. 

It has already been shown, that when the rays of light pasB 
from a rarer to a denser medium, they are refracted, or bent 
out of their former course, except when they happen to fell pe^ 
pendicularly on the surface of the medium. (19.) 

The point where no refi'action is produced on perpendicnlsr 
rays, is called the axis of the lens, which is a right line passing 
through its center, and perpendicular to both its surfaces, cuo|). 

In every beam of light the middle ray is called its axis, 

Rays of light ar^ said to fall directly upon a lens, when their 
axes coincide with the axis of the lens ; otherwise they are said 
to fall obliquely. 

The point at which the rays of the sun are collected, by pass- 
ing throiigh a lens, is called the principal focus of that lens. 

65. Lenses are of various kinds, and have received certain 
names, depending on their shapes. The difierent kinds are 
shown at Fig. 200. • 

A prism, seen at A, has two plane surfaces, A R, and A % 
inclined to each other. 

A plane glass, shown at B, has two plane surfeces, parallel to 
each other. 

A spherical lens, C, is a ball of glass, and has every part of 
its surface at an equal distance from the center. 

A double-convex lens, D, is bounded by two convex surfeoes, 
opposite to each other. 



64. What is a lens? What is the axis of a \vn»'\ In what part of a lensie bo i» 
fraction produced 1 Where is the axis of a beam of light ? when are rays of Q|M 
■aid to fall directly upon a lens? How many kinds of lepses ara mentioned 1» 
What are the names and shapes of each 1 * 
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A planO'Wnvex lent, E, U bounded by a convex surface on 
one side, and a plane one on tbe other. 

A doiible-coneavt Imi, F, is bounded by two ooncanj spher- 
ical Hur&ces, opposite to each other. 

A plano-eoneave lens, G, is bounded by a plane surface OD 
one side and a concave one on the other. 

A meaiKUt, H, is bounded by one concave, and one convex 
apberical anr&ce, which two surfaces meet at the edge of (he 

A eoacavQ-amvex lem, I, is bounded by a concave, and con- 
. rex sur&ce, but which diverge from each other, if continued. 

The effects of the prism on the rays of light will be shown in 
another place. The refraction of the plirna glass bends the 
parallel rays of light equally toward the perpendicular, as already 
shown. The sphere is not often employed as a lens, sinco it la 
inconvenient in use. 



S6. Tht eject of ike convex Inn, hy tncreatinff the vitnat 
angle, is to magnify all objectt seen through it. 

Foeai Dialance. — The 
focal distances of convex ^°- ^'* 

lenses, depend on their de- 
grees of convexity. The 
Kical distance of a tingle, 
or plano-convex lens, is 
tbe diameter of a sphere, 
of which it is a section. 

If the whole circle, 
Fig. 201, be considered 
the circumference of a 
■phere, of which the pla- 
no-convex lens B A, is a 
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sectioD, then the focus of parallel rays, or the priodpa] focus, 
will be at the opposite side of the sphere, or at C. 

67. The focal distance of a dottble-conyex, lens, is the radius, 
or half the diameter of the sphere, of which it is a part Hence 
the plano-convex lens, being one half of the double-oonvei lens, 
the latter has twice the refractive power of the former ; for the 
rays suffer the same degree of refraction in passing out of the 
one convex surface, that they do in passing into the othor. 

68. Double- Convex Lens, — ^The shape of the double-convex 
lens, D C, Fig, 202,' is that of two plano-convex lenses, phiced 
with their plane surfaces 

in contact, and conse- ^o- 20B. 
quently the focal distance 
6f this lens is nearly the 
center of the sphere of 
which one of its surfaces 
is a part If parallel 
rays fall on a convex lens, 
it is evident that the ray 
only, which penetrates 
the axis and passes to- 
ward the center of the 

sphere, will proceed with- DmMe-Convex Lens, 

out refraction, as shown 
in the above figures. All the others will be refracted so ^ to 
meet the perpendicular ray at a greater or less distance, de- 
pending on the convexity of the lens. 

69. DivERGiNa Rays on a Convex Lens. — If diverging 
rays fall on the surface of this lens, they will, by refraction, be 
rendered less divergent, parallel, or convergent, a4xording to the 
degrees of their divergence, and the convexity of the surface of 
the lens. 

Thus, the diverging rays 1, 2, <fec.. Fig, 203, are refracted 
by the lens A O, in a degree just sufficient to render them pa^ 
ailel, and therefore, would pass off in right lines, indefinitely, <v 
without ever forming a focus. 

It is obvious by the same law, that were the rays less diverg- 
ent, or were the surface of the lens more convex, the rays m 



66. What is the effect of the convex lens 7 On what do the focal distancea of eon* 
¥ex lenses depend 1 67. What is the focal distance of any planoconvex leus ? Whil 
to the focal distance of the double-convex lens ? 58. What is the shape of the doaW0> 
•ODvex fensl 59. How are diverftent ravs affected bypassing throuflrb a cocTtf 
ijPt 1 What is its effect on parallel rays 1 What is its effect on conTexfiiif lavil 
What kind of lenses are spectacle glasses for old people 7 




coinm utK8. Mft 



FIO. 9QBL 




Fig. 203, would be- 
come coDvefgent, 

instead of parallel, 

because the same 

refractive power 

which would render 

divergent rajrs par- 

allel, would make 

parallel rays con- 
vergent, and con- o 

verging rays still Diverging Ray*. 

more convergent. 

Thus the pencils of converging rays, Fig. 204, are rendered 
still more convergent by their passage through the lens, and 
are therefore brought to a focus nearer the lens, in proportion 
to their previous convergence. 

The eyeglasses of spectacles for old people are double-convex 
lenses, more or less spherical, according to the age of the person, 
or the magnifying power required. 

60. Burning Glass. — ^The common burning fflasses, which 
are used for lighting cigars, and sometimes for kindling fires, 
are also convex lenses. Their effect is to concentrate to a focus, 
or point, the heat of the sun which falls on their whole surface; 
and hence the intensity of their effects is in proportion to the 
extent of their sur^Eu^ and their focal lengths. 

61. Visual Angle. — It has been explained, that the reason 
why the convex mirror diminishes the images of objects is, that 
the rays which come to the eye from the extreme parts of the 
object are rendered less convergent by reflection, from the con- 
vex sur&ce, and that in consequence, Uie angle of vision is made 
more acute. (41.) 

62. Now, the refractive power of the convex lens has exactiy 
the contrary effect, since by converging the rays flowing from 
the extremities of an object, the visual angle is rendered more 
obtuse, and tberefore all objects seen through it appear magnified. 

63. Suppose the object A, Fig. 205, appears to the naked 
eye of the length represented in the drawing. Now, as the 
rays coming from each enJ of tilb object, form by their con- 
vergence at the eye, the visual angle, or the angle under which 
the object is seen, and we call objects large or small in propor- 



60. What kind of a lens Is a barninf glass 1 6L What is the visual angle 1 08. 
What is the effect of the eonvex lens on the visaal angle T 63. Why does the sain* 
obje^ when kt a distance, appear smaller than when near 1 Why does an oqeet 
appear larger through the convex lens than otherwise f 
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tion as this angle is obtuse or acute, if^ therefore, the object A. 
be withdrawn further from the eye, it is apparent that the rajs 
O, proceeding from its extremities, will enter the eye under a 
more acute angle, arid therefore that the object will appear di- 
minished in proportion. This is the reason why things at a 
distance appear smaller than when near us. When near, the 
visual angle is increased, and when at a distance it is diminished. 

The effect of the convex lens is to increase the visual angle, 
by bending the rays of light coming from the object, so as to 
make them meet at the eye more obtusely ; and hence it has 
the same effect,, in respect to the visual angle, as bringing 
the object nearer the eye. This is shown by Fi^, 206, where 
it is obvious', that did the rays flowing from the extremities of 
the arrow meet the eye without refraction, the visual angle 
would be less, and therefore the object would appear shorter. 
Another effect of the convex lens, is to enable us to see objedi 
nearer the eye than without it, as will be explained under the 
article Vision. 

Now, as the rays of light flow ^-om aH parts of a visible ob- 
ject of whatever shape, so me breadth, as well as the length, it 
increased by the «onvex lens, and thus the whole object appean 
magnified. 

64. Concave Lens. — T?ie effect of the concave lens is di- 
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64. What Is the effect of the coneaTe lenil 
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recily opposite to that of the convex. In other terms, by a con 
cave Jens, parallel rays are rendered diverging, converging rajs 
have their convergence diminished, and diverging rays have their 
divergence inoreased^ according to the concavity of the lens. 

These glasses, therefore, exhibit things smaller than they 
really are, for by diminishing thfi convergence of the rays com- 
ing from the extreme points of an object, the visual angle is 
rendered more acute, and hence the object appears diminishod 
by this lens, for the opposite reason, that it is increased by the 
convex lens. This will be made plain by the two following 
diagrams. 

Suppose the object A B, Fiff, 207, to be placed at such a 

'distance from the eye, as to give the rays flowing from it, the 

d^rees of convergence represented in the figure, and suppose 

that the rays enter the eye under such an angle as to make the 

olflect appear two feet in length. 

FIG. 207. FIG. 208L 





Natmti Vittom. Ptano-Coneave Lena. 



Now, the length of the same object, seen through the con- 
cave lens. Fig, 208, will appear diminished, because the rays 
coming frqm it are bent outward, or made less convergent by 
refraction, as seen in the figure, and consequently the visual 
angle is more acute than when the same object is seen by the 
naked eye. Its length, therefore, will appear less in proportion 
as the rays are rendered less convergent 

The spectacle glasses of shortrsighted people are concave 
lenses, by which me images of objects are formed frirther back 
in the eye than otherwise, as will be explained under the next 
aiiicle. 



What eflTect doe« this lens haTe upon parallel, diverging, and convergingraytl 
Why do objects appear smaller throogh this glass than they do to the °**®9 'JM 
Explain Figs. 907 and 208, and show the reason why the same olqect appears nuutr 
through 208. What defect in the eye requires eoneave lenses 1 
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VISION. 

66. In the application of the principles <f optics U) theioh 
planation of natural phenomena^ it is necessary tcrgive a desert^ 
Hon of the most perfect of all optical instruments, the eye. 

Hum>an Eye, — Fig, 
209 is a vertical section ^^' ^°'- 

of the human eye. Its 
form is nearly globular, 
with a slight projection 
or elongation in front. 
It consists of four coats, 
or membranes ; namely, 
the sclerotic, the cornea, 
the choroid, and the 
retina. It has two fluids 
confined within these 
membranes, called the 
aqueous, and the vitre- 
ous humors, and one lens, called the crystaline. The sclerotiD 
coat is the outer and strongest membrane, and its anterior pait 
is well known as the white of the eye. This coat is marked in 
the figure a a a a. It is joined to the cornea b b, which is 
the transparent membrane in front of the eye, through which 
we see. The choroid coat is a thin, delicate membrane, which 
lines the sclerotic coat on the inside. On the inside of this lies 
the retina, d d d d, which is the innermost coat 9f all, and is 
an expansion, or continuation of the optic nerve o. This ex- 
pansion of the optic nerve is the immediate seat of vision. The 
iris, o 0, is seen through the cornea, and is a thin membrane, 
or curtain, of diflferent colors in different persons, and therefore 
gives color to the eyes. In black-eyed persons it is black, ii 
blue-eyed persons it is blue, &c. Through the iris, is a circnUr 
opening, called the pupil, which expands or enlai^es when the 
light is feint, and contracts when it is too strong. The space 
between the iris and the cornea is called ih^ anterior chamber 
of the eye, and is filled with the aqueous humor, so called from 
its resemblance to water. Behind the pupil and iris is situated 

55. What is the most perfect of all optical infitruinents 1 What im the form of the 
boman eye ? How many coatB or membranes has the eye ? What are they called* 
How many fluids has the eye, and what are they called ? What is the leiia of the tj* 
called 7 What coat forms the white of the eye? Describe where the several roiCi 
and humors are situated. What is the iris? What is the retina? Where is dM 
tense of Tision ? What is the design of Fig. 210 ? What is said concemiof Um i 
Munber of the raya which enter the eye from a visible otyect ? 



tbe efyctaUne lens «, which ie m firm' and peifectlj transparent 
txMly, through which the rays of light poae from the pujiil to 
the retina. Behind the lens is situated the posterior chamber 
of the eye, which is filled with the vitreoui humor, v v. This 
humor occupies much the largest portion of the whole eye, and 
on it depends the shape and permaneDce of the organ. 

From the above description of the eye it will be easy to trace 
the progreea of the rays of light through its several parts, and 
to eiplun in what manner vision is performed. 

In doing this, we must keep in mind that the rays of light 
proceed from every part and point of a visible object, as here- 
tofore stated, and that it is necessary only for a few of the rays, 
when compared with the whole number, to enter the eye, in 
order to make the object visible. 
, Thus, the object A B, J^g. 
210. being placed in the "" "" 

light, sends pencils of rays in 
all possible directions, some 
(rf which will strike the eye 
iu any position where it is vis- 
ible. These pendls of rays 
not only fiow from the points 
designated in the figure, but 
in the same manner from 
every other point on the sur- 
&ce of a visible objecL To 
render an object visible, there- 
fore,- it is only necessary that 
the eye shoald collect and 
concentrate a sufScient num- 
ber of these rayson the retina, 
to form its image there, and 
from this image the sensation 
of vision is ezdted. 

66. From the luminous bodyL, Mp. 211, the pencils of raji 
flow in all directions, but it is only by those which enter the 
pnpil, that we gain any knowledge of its existence; and even 
these would convey to the mind no distinct idea of the object, 
oniees tbey were refracted by the humors of tbe eye, for did 
these rays proceed in their natural state of divergence to the 
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Rtfraction by the Eye, 

retina, the image there formed would be too extensive, and o(m 
sequently too feeble to give a distinct sensation of the object 

It is, therefore, by the refracting power of the aqueous hu- 
mor, and of the crystaline'lens, that the pencils of rays are so 
concentrated as to form a perfect picture of the object on the 
retina. 

67. Inve^Hed Imape on the Retina, — ^We have already seen, 
that when the rays of light are made to cross each other by le- 
flection from the concave mirror, the image of the object is in- 
verted ; the same happens when the rays are made to crosB 
each other by refraction through a convex lens. This, indeed, 
must be a necessary consequence of the intersection of tJie rays; 
for as light proceeds in straight lines, those rays which oome 
from* the lower part of an object, on crossing those which oome 
from its upper part, will represent this part of the picture on 
the upper half of the retina, and, for the same reason, the up- 
per part of the object will be painted on the lower part of the 
retina. 

Now, all objects are represented on the retina in an inverted 
position ; that is, what we call the upper end of a vertical ob- 
ject, is the lower end of its picture on the retina, and so the 
contrary. 

68. Eye of an Ox, — This is readily proved by taking the eye 
of an ox, and cutting away the sclerotic coat, so as to make it 
transparent on the back part, next the vitreous humor. If now 
a piece of white paper be placed on this part of the eye, the 
images of objects will appear figured on the paper in an in- 
verted position. The same effect will be produced on looking 
at things through an eye thus prepared ; they will appear 
averted. 

07. Explain how it is tliat the images of objects are inverted on the reCiiHu A 
What experiment proves that tb« images of objects are inverted on tbue retituit b 
-»Hln Fig. 212. 
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ImverHtm if Ob^BetB, 

The actual position of the vertical object A, Fif^, 212, as 
painted on the retina, is therefore such as is represented by the 
figure. The rays from its upper extremity, coming in divergent 
tines, are converged by the crjstaline lens, and fall on the retina 
at O ; while those from its lower extremity, by the same law, 
fiill on the retina at C, the rays crossing each other as they pass 
the humors of the eye. 

69. In order that vision may be perfect, it is necessary that 
the images of objects should be formed precisely on the retina, 
and consequently, if the refractive power of the eye be too small, 
or too great, the image will noifall exactly on the seat of vision, 
but will be formed either before, or tend to form behind it. In 
both cases, perhaps, an outline of the object may be visible, but 
it will be confused and indistinct. 

70. Cornea too Prominent — If the cornea is too convex, or 
prominent, the image will be formed before it reaches the retina, 
for the same reason, that of two lenses, that which is most con- 
vex will have the least focal distance. Such is the defect in the 
eyes of persons who are short-sighted, and hence the necessity 
of their bringing objects as near the eye as possible, so as to 
make the rays converge at the greatest distance behind the 
crystaline lens. 

The effect of uncommon convexity in the cornea on the rays 
of light, is shown at Fig. 213, where it will be observed that 
the image, instead of being formed on the retina R, is suspended 
in tlie vitrei us humor, in consequence of there being too great 
a refractive power in the eye. It is hardly necessary to say, 
that in this case, vision must be very imperfectly performed. 

This defect of sight is remedied by spectacles, the glasses of 

69.*Su])po8e the refractive power of the eye is too great, or too Uttle, whr will ▼Woi* 
be imperfect ? 70. If the cornea is too convex, where will the image >e fo rmwii 
How MS the sight improved, when the eornea it too eonrec 1 How do socn icnw" ■^ 
to improve the sight 1 
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Cornea too Cfonveg. 



which are concave lenses. Such glasses, by rendering the rayi 
of light less convergent, before they reach the eye, countenioi 
the too great convergent power of the cornea and lens, and thoB 
throw the image on the retina. 

71. Cornea too Flat. — If, on the contrary, the humors of the 
eye, in consequence of age, or any other caUse, have become 
less in quantity than ordinary, the eyeball will not be suffi- 
ciently distended, and the cornea will become too flat, or not snl- 
ficiently convex, to make the rays of light meet at the pmjpff 
place, and the image will therffore tend to be formed beyond 
the retina, instead of before it, as in the other case. Heno^ 
aged people, who labor under this defect of vision, can not see 
distinctly at ordinary distances, but are obliged to remove the 
object as far from the eye as possible, so as to make its refrac- 
tive power bring the image within the seat of vision. 
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Cornea too Flat. 



The defect arising from this cause is represented by 2*%^. JU 

71. Where do the rays tend to meet when the cornea io not sufficientiT coovnt 
Bow ia vision assisted when the eye wants convexity 1 How do coo vex uimmImIIp 
ba sight of aged persona 1 
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where it will be obsenred that the image is formed behind the 
retina, showing that the convexity of the cornea is not sufficient 
to bring the image within the seat of distinct \nsion. This im- 
perfection of sight is common to aged persons, and is corrected 
m a greater or less degree by double-convex lenses, such as the 
ootniiion spectacle glasses. Such glasses, by causing the rays 
of light to converge, before they meet the eye, assist the refra«> 
live power of the crystaline lens, and thus bring the focus, or 
image, within the sphere of vision. 

72. Why we see Objects Erect. — It has been considered dif- 
iicuit to account for the reason why we see objects erect, when 
they are painted on the retina inverted, and many learned tlieo- 
ries have been written to explain this fact. But it is most 

- probable that this is owing to habit, and that the image, at the 
Dottom of the eye, has no relation to the terms above and be- 
low, but to the position of our bodies, and other things which 
surround us. The term perpendicular^ and the idea wliich it 
conveys to the mind, is merely relative ; but when applied to 
aki object supported by the earth, and extending toward the 
skies, we c^ the body erect^ because it coincides with the posi- 
tion of our own bodies, and we see it erect for the same reason. 
Had we been taught to read by turning our books upside down, 
what we now call the upper part of the book would have been 
its under part, and that reading would have been as easy in 
that position as in any other, is plain from the isd that printers 
lead their type, when set up, as readily as they do its impres- 
sions on paper. 

ANGLE OF VISION. 

73. This subject, partly explained, needs further illustration. 
The angle under which the rays of lights coming from the 

extremities of an object^ cross each other at the eye, bears a pro- 
jwrtion directly to ilie length, and inversely to the distance of 
the object. 

Suppose the object A B, Fig. 216, to be four feet long, and 
to be placed ten feet from the eye, then the rays flowing from 
its extremities, would intersect each other at the eye, under a 
given angle, which will always be the same when the object is 
at the same distance. K the object be gradually moved toward 



72. Why do we see thin^ erect, when the imajres are inverted on the retina 1 73. 
What itf the visual angle ? How may the visual angle of the same cbject be increaacU 
or diminished ? When do objects or different magnitudes form the saiae risuai an- 
gle 1 Explain Fig. 215. 
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Artgie of Vision. 

the eye, to the place C D, then the angle will be gradually in- 
creased in quantity, and the object will appear larger, since ill 
image on the retina will be increased in length in the propor- 
tion as the lines 1 1, are wider apart than O O. On the con- 
trary, were A B removed to a greater distance from the fint 
position, it is obvious that the angle would be diminished in 
proportion. 

The lines thus proceeding from the extremities of an object 
and representing the rays of Hght, form an angle at the eye^ 
which is called the visual angle, or the angle under which ihroa 
are seen. The lines A N B, therefore, form one visual angfe^ 
and the lines C N D another visual angle. 

We see from this investigation, that the apparent magnitnds 
of objects depending on the angles of vision, will vary accordiif 
to their distances from the eye, and that these magnitudes & 
minisli in a proportion inversely as their distances increase. 

74. How WE Judge of Magnitudes. — In the apparent nttg* 
nitude of objects seen through a lens, or when their imagei 
reach the eye by reflection from a mirror, our senses are chiefly, 
if not entirely, guided by the angle of vision. In forming o« 
judgment of the sizes of distant objects, whose magnitudes wen 
before unknown, we are also guided more or less by the visml 
angle, though in this case we do not depend entirely on tbe 
sense of vision. Thus, if we see two balloons floating in tk 
air, one of which is larger than the other, we judge of their 
comparative magnitudes by the difference in their visual aogloh 
and of their real magnitudes by the same angles, and the dih 
tance we suppose them to be from us. 

^4. How do we judge of the magnitudes of distant objects 1 Under what dnA 
'*^iee« Is our sense of vision guided entirely by the visual angle 7 
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75. Bttt when the object is near us, and seen with the naked 
eye, we then judge of the magnitude by our experience, and not 
entirely by the visual angle. Thus, the three arrows, A E M, 
J^^. 215, all of them make the same angle on the eye, and yet 
we know, by further examination, that they are all of ditferent 

. lengths. And so the two arrows, A 6, and C D, though seen 
under different visual angles, will appear of the same size, be- 
cause experience has taught us that this difference depends only 
on the comparative distance of the two objects. 

76. As the visual angle diminishes inversely in proportion as 
the distance of the object increases, so when the distance is so 
great as to make the angle too minute to be perceptible to the 
eye, then the object becomes invisible. Thus, when we watch 
an eagle flying from us, the angle of vision is gradually dimin- 
ished, until the rays proceeding from the bird form an image on 
the retina too small to excite sensation, and then we say the 
eagle has flown out of sight 

The same principle holds with respect to objects which are 
near the eye, but are too small to form an image on the retina 
which is perceptible to the senses. Such objects to the naked 
eye, are of course invisible, but when the visual angle is en- 
larged, by means of the convex lens, they become visible ; that 
IB, their images on the retina excite sensation. 

77. SizB OF THE. Image on the Retina. — ^The actual size 
of an image on the retina, capable of exciting sensation, and 
consequently of producing vision, may be too small for us to 
appreciate lyr any of our other senses ; for when we consider 
how much smaller the image must be than the object, and that 
a hiuman hair can be distinguished by the naked eye at the dis- 
tance of twenty or thirty feet, we must suppose that the retina 
IB endowed with the most delicate sensibility, to be excited by 
a cause so minute. It has been estimated that the image of a 
man, on the retina, seen at the distance of mile, is not more 
than the ^vq thousandth part of an inch in length. 

78. Indistinct Vision. — On the contrary, if the object be 
•brought too near the eye, its image becomes confused and in- 
distinct, because the rays flowing from it, fall on the crystaline 
lens in a state too divergent to be refracted to a focus on the 
retina. 

75. How do we judge of the comparative size of objects near us 1 76. When does 
ft retreating object become invisible to the eye 1 How does a convex lens act to mak« 
IW see objects which are invisible without itl 77. What is said of the actual size of 
mn image on the retina 7 78. Why are objects indistinct when brought too near the 
•grel 
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ThuviU b« apparent hj 
Ji%ff. 216, whew we sup- 
pose th&t the object A, is 
brought within an inch or 
two of the eyt, and that 
the raya proceeding from 
it enter ma pupil so ob- 
Uquely Hs not h> be refract- 
ed by the lens, so as to fonn 
a distinct image. 

Couid we see objects die- 
tinctly at the short£st distance, we should be able to exanmH 
things that are now invisible, since the visual angle would thea 
be increased, and consequently the image on the retina entugt^ 
in proportvin as objects were brought near the eye. 

79. This is proved by intercepting the most diveif^t rayi; 
in which case an object may be bron^t near the eye, and «U1 
then appear greatly magnified. Make a small orifice, as a ton- 
hole, uirough a piece of dark-cobred paper, and then took 
through tlie oriGce at small objects, such as the letters of a 
printed bobk. The letters will appear much magnified. "Om 
rays, in this case, are refracted to a focus, on the retina, becauM 
the small orifice prevents those which are most diva;gent from 
entering the eye, so that notwithstaDding.the neameas of tht 
object, the rays which form the image are nearly parallel. 



80. Single Microscope. — The principle of the single ijiicro- 
scope, or convex lens, will be rea(£ly understood, if the pupil 
will remember what has been s^d on the refraction of lenses, in 
connection with the &cls just stated. For, the reason why ob- 
jects appear magnified through a convex lens, is not only be- 
cause the visual angle is increased, but because when bronglil 
near the eye, the diverging rays from the object are rendered 
parallel by the lens, and are thus thrown into a ccmdition to be 
brought to a focus in the proper place by the humors of tbs 
eye. 

Let A, Fip. 217, be the distance at which an object cvi be 
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seen distinctly, and B, the distance at which the same object is 
seen through the lens, and suppose the distance of A from the 
eye, be twice that of^B. Then, because the object is at half the 
distance that it was before, it will appear twice as large ; and 
had it been seen one- third, one-fbuilh, or one-tenth its former 
distance, it would have been magnified three, four, or t^n times, 
and consequently its surface would be increased 9, 16, or 100 
times. 

The most powerful single microscopes are made of minute 
globules of glass, which are formed by melting the ends of a 
tew threads of spun glass in a flame of alcohol. Small globules 
of .watef placed in an orifice through a piece of tin, or other 
thin substance, will also make very powerful microscopes. In 
these minute lenses, the focal distance is only a tenth or twelflh 
part of an inch from the lens, and therefore the eye, as well 
as the object to be magnified, must be brought very near the 
instrument. 

81*. Compound Microscope. — Tliis consists of two convex 
lenses, by one of which the image is formed within the tube of 
the instrument, and by the other this image is magnified as 
seen by the eye ; so that by this instrument the object itself is 
not seen, as with the single microscope, but we see* only its 
magnified image. 

The small lens placed near the object, and by which its image 
is formed within the tube, is called the obfect glass^ while the 
larger one, through which the image is seen, is called the 
eyeglass. 

This arrangement is represented at Fig. 218. The object A 
is placed a little beyond the focus of the object glass B, by which 
an inverted and enlarged image of it is formed within the in- 

81. How many lensew form the compound microscope 1 Which is the object, and 
which the eyeglass? Is the objtet seen with this instmment, or only lu imAgei 
Explain Fig. 2l3, and show where the imaf^e is formed in this tcdbo. 
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Btrnment at C. This imaK^ is wen throufffa tli« eye^Mm h, tf 
whicli it ii aeun magnifieo, and it is at laarfigured oo the nlai 
io its original position. 

TheM glasoea are set in a case of brass, the object ^Um htb% 
made to take out, so tliat otliers of different magnifying poMB 
may be used, as occasion requires. 

82. Solas Mi CROSO OPE. — This consists of two IenMl^9^rf 
which is called 'the eondenier, because it is emplojed to(W 
centrate the rays of the sun, iu order to illuminate more tHoBf^ 
Ae object to be mafrnified. The other is a double^oonTU km, 
of considerable magnifjing potrer, b; which the image is fiiniii 
In addition to these lenses, there is a plain mirror, or jneei rf 
common looking-glass, which can be moved in any direelii 
and which reflects the rays of the aun on the condenser. 




The object A, Fig. 2ip, beiug placed nearly in tha&M^ 

BL How maiiT Icdki liu tha kUt mScnaeope 3 Why I* dm of Ok liiiarf* 
■BkroilcnMconaallcdaiBCODatnKTl 'tMKi^\:u'anaCUM two kMNOl* 
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the condenser B, is strongly illuminated, in, consequence of the 
rays of the sun being thrown on B, by the mirror C. The ob- 
ject is not placed exactly in the focus of the condenser, because, 
in most cases, it would be soon destroyed by its heat, and be- 
cause the focal point would illuminate only a small extent of 
surface, but may be exactly in the focus of the small lens D, by. 
which no such accident can happen. The lines O, represent 
tlie incident rays of the sun, which are reflected on the condenser. 

When the solar microscope is used, the room is darkened, 
the only light admitted being that which is thrown on the olf- 
ject by the condenser, which light passing through the small 
lens, gives the magnifle^ shadow £, of the small object A, on 
the wall of the room, or on a screen. The tube containing the 
two lenses is passed through the window of the room, the re- 
flector remaining outside. 

In the ordinary use of this instrument, the object itself is not 
seen, but only its shadow on the screen, and it is not designed 
for the examination of opaque objects. 

When the small lens of the solar microscope is of great mag- 
nifying power, it presents some of the most striking and curious 
of optical phenomena. The shadows of mites from cheese, or 
figs, appear nearly twrf feet in length, presenting an appearance 
exceedingly formidable and disgusting ; and the insects from 
common vinegar appear eight or ten feet long, and in perpetual 
motion, resembling so many huge serpents. 
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83. The Telescope is an optical ifistrument, employed to view 
distant bodies, and, in effect^ to bring them nearer the eye, by in-' 
ereasiny the apparent angles under which such objects are seen. 

These instruments are of two kinds^ namely, refracting and 
reflecting telescopes. In the first kind, the image of the object 
is seen with the eye directed toward it ; in the second kind, the 
image is seen by reflection from a mirror, while the back is to- 
ward the object, or by a double reflection, with the face toward 
the object. 

The telescope is the most important of all optical instruments, 
since it unfol43 the wonders of other worlds, and gives us the 
means of calculating the distances of the heavenly bodies, and 



83. What it a teleaeope 7 How many kinds of telescopes are mentioned 1 What 
la the difference between them 1 In what respect does the refracting telescope differ 
from the eoiiiponod mionMoopel 
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<tf explaining their phenomena for astroncHnical and nautiol 
purposes. 

The principle of the telescope will be readily oomprehendad 

after what has been said concerning the compound microseop^ 

for the two instruments differ chiefly in respect to the plaoa of 

the object lens, that of the microscope having a shorty wUi 

' that of the telescope has a long, focal distance. 

84. Kbfractino Telescope. — The most simple lefracting 
telescope consists of a tube, containing two convex lenses, tin 
^ne having a long, and the other a shorty focid distance. (Tin 
focal distance of a double-convex lens, it wiU be rememberod, ii 
nearly the center of the sphere, of which it is a part 6A) 
These two lenses are placed in the tul^ at a distance fiom «Mii 
other equal to the sums of their two focal distances.^ 

• 
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Principle qf tht T^Bkteept, 

Thus, if the focus of the object glass, A, I%ff. 220, be djghl 
inches, and that of the eyeglass B, two inches, thenr the distttM 
of the sums of the foci will be ten inches, and, therefore, Ai 
two lenses roust be placed ten inches apart ; and the same nb 
is observed, whatever may be the focal lengths of anj tffi 
lenses. 

Now, to understand the effect of this arrangement, soppni 
the rays of light, D, coming from a distant object, as a ita^ 
to fall on the object glass, A, in parallel lines, and to be f» 
fracted by the lens. to a focus at E, where the image of theilff 
will be represented. The image is then magnified by the flji^. 
glass B, and thus, in effect, is brought near the eye. 

All that is effected by the telescope, therefore, is to form ■ 
image of a distant object, by means of the object lens, and tkl 
to assist the eye in viewing this image as nearly ^as possible If 
the eye lens. 

S4. How is the most simple refracting telescope formed 1 Which Is die oMedttfi 
which the eye lens, in Fig. 220 1 V^hat is the rule by which th« distanee oTOiHi 
glasses apart is foand 1 How do the two glasses act, to bring an ol^ect near At Ml 
wplain Fig. 221, and show bow the object comes to be inverted by Um two 1«MK 
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Uial dirci^ng ra^B are rendered parallel by refraction throojA i 
convex lens. The rays, therefore, pass punllel to the next Im 
C, by which they are made to converge, and croea each otlier, 
_ and thus the ima^e is inverted, and mE^e to a^iime the Mwml 
position of the object O. Lastly, this imag^e, bein^ in the ibcm 
of the eyeglass D, is seen in the natural poeition. 

The upparent magnitude of the object is not changed by that 
two additional glasses, but depends, as in Fig. 220, on the ma^ 
nifying power of the eye and object lenses ; these two glnwi 
being added merely ^r the pnrpo&e of making the image ap- 
pear erect. 

86. Rbflbgtino Telescope. — The common reflecting tde- 
scope consists of a large tube, coattuuing two concave reflediiig 
mirrors, of ditTercnt sizes, and two eyeglasses. The object ia 
first reflected from the large mirror to the small one, and from 
the small one, through the two eyeglasses, where it is then seen. 

In comparing the advantages of the two instruments, it need 
only be stated, that the refracting telescope with a focal length 
of a thousand fbet, if it could be used, would not magnify ^ 
tinCtlyTDore than a thousand times, while a reflecting telescope, 
only eight or nine feet long, wilt magnify with distinctness 
twelve hundred times. , 

The principle and construction of the reflecting telescope will 
be understowi by Fig. 223. Suppose the object O to be at 
such a distance, that the rays of light from it pass in parallel 
lines, P P, to the great reflector, it R, This reflectJ^ being 
concave, the rays are converged by reflection, and cron each 
other at A, by which the image is inverted. The rays then 
pass to the small mirror, B, which being also concavB, tiiey m 
thrown back in nearly parallel lines, and having passed the 

•dTinlBtn orihi refleciio. over Ihe rcftMlini lElEBrnpel Eiplniii rit.2a,iai 
rtow Ihe course of ihe n,,, f^^ u,e obj™ lo itie mb, *hj ii lA. muU nimrU 
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R^eeting Tetetoope. 

aperture in the center of the great mirror, fall on the plano- 
convex lens £. By this lens they are refracted to a focus, and 
cross each other between E and D, and thus the image is again 
inverted, and brought to its original position, or in the position 
of the object. The rays then passing the second eyeglass, form 
the image of the object on the retina. 

The large mirror in this instrument is fixed, but the small 
one moves backward and forward, by means of a screw, so ds to 
adjust the image to the eyes of different persons. Both mirrore 
are made of a composition, consisting of several metals melted 
together. 

8V. One great advantage which the reflecting telescope pos- 
sesses over the refracting, appears to be, that it admits of an 
eyeglass of shorter focal distance,. and, consequently, of greater 
magnifying power. The convex object glass of the refracting 
instrument, does not form a perfect image of the object, since 
some of the rays are dispersed, and others colored by refraction. 
This difficulty does not occur in the reflected image from the 
metallic mirror of the reflecting telescope, and consequently it' 
may be distinctly seen, when more highly magnified. 

The instrument just described is called " Gregory's telescope,^ 
because some parts of ,the arrangement were invented by Dr. 
Gregory. 

88. HerschePsI Telescope. — In Dr. Herschel's grand telescope, 
the largest theii' constructed, the reflector was 48 inches in 
diameter, and brad a focal distance of 40 feet. This reflector 
was three and bI half inches thick, and weighed 2000 pounds. 
Now, since the /focus of a concave mirror is at the distance of 
one-half the seini-diameter of the sphere, of which it is a sec-^ 



r. ««iiai iBiiic w^Tantatreof the reflecting telescope In respect to the eyeg^lass^ 
What was thefiical distance and diameter of the mirror in Dr. Heraehel's great 
scope? Where) is the largest Herschel's telescope now in existence t WhatU 
diameter and fopal distance of the reflector of this telescope 1 
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tion, Dr. HerschePs reflector having a focal distance^ of 40 feet, 
formed a part of a sphere of 160 feet in diameter. 

This great instrument was begun in 1786, and finished foor 
years afterward. The frame by which this wonder to all astron- 
omers was supported, having decayed, it was taken down in 
1822, and another of 20 feet focus, 'with a reflector of 18 inches 
in diameter, erected in its place, by Herschel's son. 

The largest HerschePs telescope now in jexistence is that of 
Greenwich observatory, in England. This ha& a concave re- 
flector of 15 inches in diameter, with a focal length of 26 feet, 
and was erected in 1820. 

89. Lord Rosse's Telescope. — Dr. HerschePs telescope was 
the largest ever constructed until recently, when a young no- 
bleman of fortune in Ireland, Lord Rosse, being led by an in- 
ventive genius, and having, it appears, a degree of enterprise 
not to be deterred by diflBculties, projected the plan of building 
a telescope of a size and power hitherto unknown in the world. 

The following account of the " Monster Telescope," as it has 
been called, is taken from that of Thomas Dick, LL. D., con- 
tained in his works. 

It appears that the possibility of casting a speculum, or re- 
flector for a telescope, of six feet in diameter, was entertained by 
his lordship in 1840, though others considered such an unde^ 
taking in the light of a chimera. But the trial being made 
through the perseverance and large expenditures of Uie pro- 
jector, complete success crowned the experiment, a nearly per 
feet casting of a speculum 72 inches in diameter being the result 
Thus the difficulty of constructing an instrument one-third largei 
than HerschePs, was at once surmounted. 

90. Composition and Casting. — The composition of this 
speculum is copper and tin united very nearly in thejr atomic 
proportions, namely : copper 1 26.4, to tin 58:9 parts, A foundry 
was constructed expressly for this great casting, the chimney ol 
which was 18 feet high, and 16^ feet square ^^4Jle foundation. 
The crucibles for containing the fused alloy W(^ of cast iron, 2 
feet in diameter, and 2^ feet deep. Iron baskelis, suspended by 
cranes, were so contrived as to receive the crudbles and their 
melted contents, and swing them to the mold into which, one 
after the other, they were poured. The mold, ,6 feet in diam- 
eter and 5i inches deep, was arranged in an e^cact horizontal 



89. Who constructed the lareeat telescope in the world 1 Wliwt Is the •\z6 of tht 

aieculum 1 90. What is its eompositioa ? How much larger is tlfliiiiatnimeiit than 
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pofiifion by means of spirit levels. The crucibles were 10 hours 
m the furnace before the metal was suflSciently fluid to cast. 
The speculum weighed 3 tons — lost one-dghth of an inch in 
thickness by grinding. 

Grinding. — ^The grinding was conducted under water, the 
LQoving power being a steam-engine of 3 horse power. The 
grinder is of cast iron with grooves in its face to retain the emery, 
and the two faces having a mutual motion, both became per- 
fect, whatever might have been their inequalities. The polish- 
ing was done by means of a thin layer of pitch s] read on the 
grinder, on which rouge was smeared in the form o' paste with 
water. This process took six hours. 

Construction of the Tube. — ^The tube is 56 feet kng, made 
of boards and hooped with iron. On th^ inside at intTvals of 
8 feet, are iron rings to support the boards. Its diami ter is 7 
feet, the whole being easily moved in any direction by means 
of pulleys and levers, a universal joint at the lower end being 
designed for this purpose. 

Wall of Support. — At a distance of 12 feet, on each siile of 
the instrument is a brick wall, 72 feet long, 48 high on the out- 
ride, and 56 on the inside, ranging exactly on the meridianal 
line. These walls have rods of iron a,nd wood passing from one 
to the other, for the support of the telescope, as it is turned in 
different directions. 

The weight of the speculum and tube, including that of the 
bed on which it is sustained, is about 15 tons. 
^ This being a reflecting telescope, the 'observer stands in a 
gallery at the upper end, and looks into the side of the great 
tube, where the observations are made by means of a reflecting 
surface of 4,071 square inches, while HerscheFs great reflector 
had a surface of only 1,811 square inches. 

The cost of this wonder of the age is 60,000 dollars. 

Description of the Figure. — The following description ol a 
section of Lord Bosse's telescope. Fig. 224, ^ough not so per- 
fect as could be desired, is the best we could obtain. It ex- 
hibits a view of the inside of the eastern wall, with the tube, 
and machinery by which it is moved. A is the mason-work on 
the ground; B the universal joint, which allows the tube to 
turn in all directions ; C the speculum in the tube ; E the eye- 
piece through which the observer looks; F a pulley by which 
the tube is moved ; H a chain attached to the pulley, and to 
the side of the tube ; I a chain running to E, the counterpoise ; 
L a lever connecting the chain M with the tube ; Z another 

12 




ehiuii which pnsses from the upper part of the tube over's ind- 
ley at W, (not seen,) and croases to the oppoaite'.irall ; X i 
rftilroad on which ilie speculum ia drawD either to or froin the 
tube. The dotted line H, shows the coufseof the weiglitB,*! 
the tube rises or falls. Tlie titbe is moved from waH to iraB 
by ft ratchet whee! at R, which ia tumed by the levei- O, on (he 
circle N. the ends of which are fived in the two nails. 

91. Camkra Obbcuha. — Camera obseura strictly tiffitifitta 
darkentd chamber, because the room must be darkened, in oria 
to tA^erve tti effecti. 

To witness the phenomena of tliis instrument, let a room be 
closed in every dire.ction, so as to exclude the light. Then !ium 
an ftpertupe, say of an inch in dinmeter, admit a single beani of 
light, and the images of external things, such as the trees ind 
houses, and pprauns walking the streets, will be seen inTeiUd 
on the wall opposite to where the light is admitted, or on i 
screen of white paper, placed before the aperture. 

92. The reason why the image is inverted will be obritMt, 
when it is remembered that the rays proceeding frran the et 
tremities of the object must converge in order to pass tbrouti 
tJie ^mall aperture ; and as the rays of light always proceed u 
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Principle of the Camera, 



Btrai 

must cross 
other at the point 
of admission, as 
explained under, 
the article Vision, 

Thus the pencil 
A, Fig. 225, com- 
ing from the up- 
per part of the 
tower, and pro- 
ceeding straight, 
will represent the 
image of that part at B, while the lower pai't C, for the same 
reason,'will be represented at D. If a convex lens, with a short 
tube, be placed in the aperture through which the light passes 
into* the room, the images of things will be much more perfect, 
and their colors more brilliant. 

This instrument is sometimes, 
employed by painters, in order 
to obtain an exact delineation 
<^ a l^dscape, an outline of the 
image being easily taken with 
a pencil, when tlie image is 
thrown on a sheet of paper. 

There are several modifica- 
tions of this machine, and among 
them the revolving camera ob- 
scura is the most interesting. 

It consists of a sm^l house, 
JFig, 226, with a plane reflector 
A B, and a double-convex lens, 
C B, placed at its top. The re- 
flector is fixed at an angle of 
45 degrees with the horizon, so 
as to reflect the rays of light 

perpendicularly downward, and is made to revolve quite around, 
in either direction, by pulling a string. 

Now suppose the small house to be placed in the open air 
with the mirror, A B, turned toward the east, then the rays of 
light flowing from the objects in that direction, will strike the 
mirror in the direction of the lines O, and be reflect' 
through the convex lens C B, to the table E E, whein 
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fonn iu miniatun a most perfect and beautiful picture of the 
landscape Id that direction. Thea, hy makiog the reflector te- 
Tolve, another portJoo of the landscape may be Been, and thoa 
tbe objecta, in all directione, can be viewed at K without chang- 
ing the place of the instruinent. 



93. The Maffk Lantern it a microKope on the »atM prindpU 
lur the solar microscope. — But iuetead of being used to megni^ 
natural object^ it ia common); employed for arauBement, t^ 
casting the ehadows of small transparent paintings done on glan, 
upon a screen placed at a proper dbtance. 




Jttagie Lantern. 



Let a candle 0, J^g. 227, be placed on the inside of a boior 
liibe, so that its light may pass through the plano-convex lens 
N, and strongly illuminate the object O. This object is gen- 
erally a Binail transparent painting on a slip of glass, which 
slides through an opening in the tube. 'In order to show the 
figures in the erect position, tliese paintings are inverted, sJDce 
their shadows are again inverted by the refraction of the convex 
lens M. 

In some of these instrumentB there is a concave mirror, D, by 
whii^h the object 0, is more strongly illuminated than it would 
be by the lamp alone. The object is magnified by the double- 
convex lens, M, which ia movable in the tube by a screw, w 
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that its focus can be adjusted to the required distance. Lastly, 
Uiere is'^a screen of white cloth, placed at the proj>er distab'^ 
on which the image or shadow of the picture, is seen gready 
magnifii'd. 

The pictures being of various colors, and so transparent, that 
the light of the lamp shines through them, the shadows an3 
also of various colors, and thus soldiers and horsemen are repre- 
sented in their proper costume. 

GHK0MATIC8, OB. THE PHILOflOPHT OF COXX>R8. 

94. We have thus far considered light as a simple body, and 
have supposed that all its parts were equally retracted, in its 
passage, through the several lenses described. But it will now 
be. shown that light is a compound body, and that each of its 
rays, which to us appear white, is composed of several colors, 
and that each color suffers a different degree of refraction, when 
the rays of light pass through a piece of glass, of a certain shape. 
This was a discovery of Sir Isaac Newton. 

95. So LAB Spectrum. — If a ray, proceeding from the sun, 
be admitted into a darkened chamber, through an aperture in 
the window shutter, and allowed to pass through a triangular 
shaped piece of glass, called a prigniy the light will be decom- 
posed, and instead of a spot of white, there will be seen, on the 
c^posite wall, a most brilliant display of colors, including al^ 
tliose seen in the rainbow. 



FIG. 228. 
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Suppose S, Fig, 228, to be a ray from the sun, admitted 
through the window shutter A, in such a direction da to fall on 

^,^W^M^M^^^^»^» I I I ■ M ■ _»■ ■!..■« ■ 1 ■■..■■■ I II I.B PM 1 I . -^^^^^ 

91. Who made the discoTery, that lifht is a compound sobetance ) 96. la whi^ 
manner, and by what means, is light decomposed 1 
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ihe floor at 0, where it would form a round, white spot. Now, 
on interposing the prism P, the ray will be refracted, and at thft 
same time decomposed, and will form on the screen M N, an 
oblong figure, containing seven colors, which will be situated in 
respect to each other, as named on the figure. 

It may be observed, that of all the colors, the red is least re- 
fracted, or is thrown the smallest distance from the direction <^ 
the original sunbeam, and that the violet is most refracted, or 
bent out of that direction. 

This oblong image containing the colored rays, is called the 
solar or prismatic spectrum, 

96. Recomposition of White Light, — That the rays of the 
sun are composed of the several colors above named, is suffi- 
ciently evident by the ^ct, that such a ray is divided into these 
several colors by passing through the prism, but in addition to 
this proof, it is found by experiment, that if these several colore 
be blended or mixed together, white will be the result 

Tliis may be done by mixing together seven powderswhose 
colors represent the prismatic colors, and whose quantities are 
to each other, as the spaces occupied by each color in the spec- 
trum. When this is done, it will be found that the resulting 
color will be a grayish white. A still more satisfactory prod 
that these seven colors form white, when united, is obtained hj 
causing the solar spectrum to pass through a lens, by which 
they are brought to a focus, when it is found that the focus will 
be the same color as it would be froVn the original rays of the 
sun. 

9*^ Other Means of Decomposing Light, — ^The prism is not 
the only instrument by which light can be decomposed. A» 
soap bubble blown up in the sun will display most of the pris- 
matic colors. This is accounted for by supposing that the sides 
of the bubble vary in thickness, and that the rays of light are 
decomposed by these variations. The unequal surface of tnother 
of pearl, and many other shells, send forth colored rays on the 
same principle. 

Two surfaces of polished glass, when pressed together, will 
also decompose the light. Rings of colored light will be ob- 



What are the prismatic colors, and how do they succeed each other in the ipee- 
trurol Which color is refracted most and whicli least 7 96. When the several 
prifsmatic cokirs are blended, what color is the result ? When the solar fspectrum ii 
made to pass through a lens, what is the color of the focus 1 How do we learn rbat 
each colored ray has a refractive power of its own 1 97. By what other means be- 
■Ide the prism, can the rays of light be decomposed 7 How may light bo aecampoied 
by two pieces of glass 1 



OdSOlUTHW. 



S7I 



served aroiuid the point of contact between the tno sur&ces, 
and tbeir nuniber may be increased or ilimiDished by the de- 
grees of pressure. Two pieces of common looking-glass, pn^gsed 
farther with the fingers, wiU display most of ihe prismatic 

08. A variety of sutatances, when thrown into the form of 
the triangular prism, will decompose the rays of light, as well 
u a prism of glass. A very common instrument for tliia pur- 
pose is made by putting together three pieces of plate glasn, m 
form of a prism. The ends may be made of wood, and Uit 
edges cemented with putty, so as to make the whole water-iigliL 
"When this is filled with water, and held before a sunbeam, tlie 
solar spectrum will be formed, displaying the same colors, and 
in the same order, as that above described. 

99. Brcomposilion of Light by a Circle. — On this subject, a 
curious and satis&ctory ex|>erimeut may be made by means of 
a dark center, and circle, with 

dit'isiuns between them, repre- fio. sa>. 

aouting the proportions of tlie 

prismatic rays, and colored to 

imitate them. The letters, 

Fig. 228, show tie differ.-nt 

colors .of the seven rays, and 

the spaces they severally oc- 

oup^ 

100. Now if tiis card, thus 
colored, be placed on a spindle 
and made to turn rapidlv, tlie 
«even colors will entirely dis- 
appear, and a dull white only 
will be prgseoted to the eye, 
instead of them. 

101. Explanation. — Any color remains for an instant on the 
eye after it is covered, or removed, and hence a fire-brand 
whirled rapidly, appears a circle of fire. Two revolving colon 
will thus De so blended as to seem a medium between tbem ; 
thus if all the colors on the card are covered, except the yellow 
and red, they will appear orange. And if all the prismatic 
tints are blended, whether in the form of powdere, or propor- 
tionate, colored, revolving sur&ces, th^ produce white. 
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Utat divergingraTstira rondered parallel by refraction throodi i 
convex lens. The rays, therefore, pnag parallel to the nextlen 
C, by which they are made to converge, and ctobs each other, 
_ and thus the image is inverted, and made to asatinae the caiinnil 
position of the object 0. Lastly, this image, being in the jocm 
of the eyeglass D, is seen in the natural poeition. 

The apparent magnitude of the object is not changed byduM 
two additional glasses, but depends, as in Fig. 220, on the mag- 
nifying power of the eye and object lenses ; these two ^tma 
being added merely for the pnrpose of nmliing the image ^>- 
pear erect. 

86. REFLBcrrNQ TsLBecoPB. — The common reflectsng tdft- 
Bcope consists of a large tube, containing two concave lelietiaBg 
mirrors, of different sises, and two eyeglasses. The ol^eet is 
first reflected from the targe mirror to the email one, and from 
the small one, through the two eyeglasses, where it is then seei). 

In comparing the advantages of the two instruments, it ne«d 
only be etated, that the refracting telescope with a focal lengtli 
of a thousand feet, if it could be used, would not magni^ dii' 
tinCtlymore than a thousand times, while a reQectJng telescope, 
only eight or nine feet long, wiU magnify with distindnen 
twelve hundred times. 

The principle and construction of the reflecting telescope will 
be understood by Fiff. 223. Suppose tlie object O to be at 
such a distance, that the rays of light from it pass in paralld 
lines, P P, to the great reflector, R R. This reflector beiM 
concave, the rays are converged by reflection, and cross raS 
other at A, by which the image is inverted. The rays tlwo 
pass to the small mirror, B, which being also concave, Uiey are 
thrown bacli in nearly parallel lines, and having pasaed tbs 

SS, now miiif lensM Fiiid mirroTB fDrm Ihe rtBMting lelcBop*! WhU in Ita 
•dviniajes of Ihe reflfclinj oto- the refracllng Uiweopel Eipkln ^.!aa,ui 
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Rqflecting Tdetcope, 

aperture in the center of the great mirror, fall on the plano- 
convex lens E. By this lens they are refracted to a focus, and 
cross each other between £ and D, and thus the image is again 
inverted, and brought to its original position, or in the position 
of the object. The rays then passing the second eyeglass, form 
the image of the object on the retina. 

The large mirror in this instrument is fixed, but the small 
one moves backward and forward, by means of a screw, so as to 
adjust the image to the eyes of different persons. Both mirrors 
are made of a composition, consisting of several metals melted 
together. 

67. One great advantage which the reflecting telescope pos- 
sesses over the refracting, appears to be, that it admits of an 
eyeglass of shorter focal distance, and, consequently, of greater 
magnifjnng power. The convex object glass of the refracting 
instrument, does not form a perfect image of the object, since 
some of the rays are dispersed, and others colored by refraction. 
This difficulty does not occur in the reflected image from the 
mdtallic mirror of the reflecting telescope, and consequently it- 
may be distinctly seen, when more highly magnified. 

The instrument just described is called " Gregory' b telescopej^ 
because some parts of the arrangement were invented by Dr. 
Gregory. ^ 

88. Herschefs Telescope. — In Dr. Herschel's grand telescope, 
the largest then constructed, the reflector was 48 inches in 
diameter, and h/ad a focal distance of 40 feet. This reflector 
was three and b^ half inches thick, and weighed 2000 pounds. 
Now, since the j focus of ia concave mirror is at the distance of 
one-half the seipi-diameter of the sphere, of which it is a sec-^ 

87. What Is the advantage of the reflecting telescope In respect to the eyeglass 1 
88. What was the fcjcal distance and diameter of the mirror in Dr. Herschel's great 
telescope? Where! is the largest Herschel's telescope now in existence? What is 
Che diameter and fof^al distance of the reflector of this telescope 1 
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Rainbcw, 

other, while those in the position of B, would emit green rsjB, 
and no other, and those in the position of C, violet rays; vA 
so of all the other prismatic colors. Each circle of colorSi of 
which the rainbow is formed, is therefore composed of reflectioiu 
from a vast number of different drops of ram, and the reason 
why these colors are distinct to our senses, is, that we see only 
one color from a single drop, with the eye in the same position. 
It follows, .then, that if we change our position, while looking at 
a rainbow, we still see a bow, but not the same as before, and 
hence, if there are many spectators, they will all see a different 
rainbow, though it appears to be the same. 

- COLORS OF OBJECTB. 

107. Color Depends on Absorption and Reflection, — ^It ap- 
pears that the colors of all bodies depend on some peculiar 
property of their surfaces, in consequence of which, they absorli 
some of the colored rays', and reflect the others. Had the sra- 
faces of all bodies the property of reflecting the same ray only, 
all nature- would display the monotony of a single color, and 
our senses would never have known the charms of that variety 
which we now behold. 



VSl On what do the colors of bodies depend 1 Suppose all bodies relle6ted Ihi 
'*"' ray, what would be the coosequence in regard to color 1 
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108. To account for such a variety of colors as we see m dif- 
ferent bodies, it is supposed that all substances, when made 
sufficiently thin, are transparent, and consequently, that they 
transmit through their surfaces, or absorb, certain rays of light, 
while other rays are thrown back, or reflected. Gold, for ox- 
ample, may be beat so thin as to transmit some of the rajs of 
light, and the same is true of several of the other metals, which 
are capable of being hammered into thin leaves. It is there- 
fore most probable, that all tlie metals, could they be made suf- 
ficiently thin, would permit the rays of light to pass through 
them. Most, if not quite all mineral substances, though in the 
mass they may seem quite opaque, admit the light through 
their edges, when broken, and almost every kind of wood, when 
Diade no thinner than writing paper, becomes translucent. 
Thus we may safely conclude, that every substance with which 
we are acquainted, will admit the rays of light, when made suf- 
ficiently thin. 

109. Transparent Substances, — ^Transparent, colorless sub- 
stances, whether solid or fluid, such as glass, water, or mica, 
reflect and transmit light of the same color; that is, the light 
seen through these bodies, and reflected from their sur&ces, is 
-white. This is true of all transparent substances under ordinary 
circumstances ; but if their thickness be diminished to a certain 
extent, these substances will* both reflect and transmit colored 
light of various hues,' according to their thickness. Thus, the 
thin plates of mica, which are left on the fingers after handling 
that substance will reflect prismatic rays of various colors. 

110. From such, phenomena. Sir Isaac Newton concluded, 
that air, when beloW the thickness of half a millionth of an inch^ 
ceases to reflect light ; and also, that water, when below the 
thickness of three-eighths of a millionth of an inch, ceases to re- 
flect light But that both air and water, when their thickness 
is in a certain degree above these Umits, reflect all the colored 
rays of the spectrum. 

111. From a great variety of experiments on this subject. Sir 
Isaac Newton concludes that the transparent parts of bodies, 
according to the sizes of their transparent pores, reflect rays of 
one color, and transmit those of another, for the same reason 



108. How H the rarioty of colors aecoanted for, by considering all bodies trans- 
parent 1 109 What is said of the reflection of colored light by transparent sub- 
•i«ances 1 What substance is mentioned, as illustrating this fact ? 110. What is tlie 
conclusion of Sir Isaac Newton, concerning the tenuity at whjch water and air c«aM 
to reflect light 1 111. What is said of ihe |K>roa« nature of the solid todies 1 
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thftt thin plates, or minute particles of air, water, and 80Tn« 
other substances, reflect certain rajs, and absorb or irmmX 
Others, and that this b the cause of all their colors. 



CHAPTER XII. 

ASTRONOMY. 



112. This term is compounded of the Greek astra^ the stars, 
and nomas a law ; and hence signifies the laws of the celestial 
bodies. 

Astronomy is that science which treats of the motions and 
appearance of the heaven/y bodies ; accounts for th^e phenomena 
which these bodies exhibit to us ; and explains the laws by which 
their motions^ or apparent motions, are regulated. 

Astronomy is divided into Descriptive, Physical, and Prac- 

Descriptive astronomy demonstrates the ma^itudes, distances, 
and densities of the heavenly bodies, and explains the phenom-. 
eoa dependent on th^ir motions, such as the change of seasons, 
and the vicissitudes of day and night 

Physical astronomy explains the theory of planetary motion, 
and the laws by which this motion is regulated and sustained. 

Practical astronomy details the description and use of astro- 
nomical instruments, and develops the nature and application 
of astronomical calculations. 

The heavenly bodies are divided into three distinct classes, or 
systems, namely, the solar system, consisting of the sun, moon, 
and planets ; the system of the fixed stars ; and the system of 
the comets. 



THS BOLAK BT8TEM. 



113. The Solar System consists of the Sun, and forty-two 
other bodies, including the satellites, which revolve around him 
at various distances, and in various periods of time. 



, " ^ -q astronnmy'? How is a«rronomy d'vJdpd f Whar does df>f^ripriT« 

^'- — «— I What IP the nb ecf t>f phyprcal astmnomv ?' What ie pract eal 

107 On What db'^" ^^* heareuly. bodies diridedl 113. Of what does the solar 
gfSat ray, what wou 
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These bodies, being perpetually in motjon, are called plantta, 
from a Greek word signifying wanderers, and thej- are distJD- 
guislied wiih reference to their centers of revolution, into 
primary and secondary. 

. 114. The Primary planets are those which revolve around 
the sun as their proper center. These are twelve in number; 
thit nearest the sun being Mercury, the others follow in succes- 
' won, thus: Venus, Earth, Mars, Vesta, Ceres, Pallas, Judo, 
Jupiter, Saturn, Herscbel or Uranua, and Neptune. 

1 1 5. The Secondary planets are those which nDove round the 
primaries, as these move round the sun. Of these, there aie 
nineteen, called also moons, or tattllius. These, as we shall 
see, like their primaries, coinpiete their revolutions at various 
periods of time. 



116, The following tabular view of the primary planets ex- 
hibits their respeStive diameters ; their distances from the sun ; 
the periods of their revolutions round the sun ; the periods of 
tlieir revolutions round their axes, where this is known; and 
their hourly motion through their several orbits. 
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117. ^ Tear, what. — A year consists of the timp which ii 
takes a planet to perform one complete revolution through its 
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orbit, or to pass oDce around the Sun. Our Earth performs 
this revolution in about 365 days, and therefore this is the 
period of our year. Mercury completes his revolution in 88 
days, and therefore his year is no longer than 88 of our days. 
But the planet Ilcrschel is situated at such a distance from Uio 
Sun, that his revolution is not completed in less than about 84 
of our years. The other planets complete their revolution*^ iu 
various periods of time, between these ; so that the time of tliese 
]jeriods is p^enerally in proportion to the distance of eadi planet 
from the Sun. 

118. Besides the above enumerated primary planets, our sys- 
tem contains nineteen secondary planets, or moons. Of these, 
our Earth has one moon, Jupiter four, Saturn eight, and Her- 
schel six. None of these moons, except oui* own, and one or 
»two of Saturn's, can be seen without a telescope. The seven 
other planets, so far as has been discovered, are entirely with- 
out moons. 

119. All the planets move around the Sun Trom west to east, 
and in the same direction do the moons revolve around their 
primaries, with the exception of those of Herschel, which appear 
to revolve in a contrary direction. 



NEW PLANETS AND A8TEROIM. 



120. The following table contains the names of the new 
planets and asteroids, with the date, place of discovery, and the 
name of the discoverer. 



Name 



r 

I 



Uranus, . 
Ceres, . . 
Pallas, . 
Juno, . . 
Vesta, . 
Astrsea, . 
Neptune, 
Hebe, . . 
Iris, . . 
Flora, . . 
Metis, . 
Hy^eia, . 
Parthenope, 
Clio, . . 
Egeria, . . 
Irene, . . 
New Planet, 



When discovered. 



March 13 
Jan. 1 
March 28 
Sept. 1 
March 29 
Deo. 8 
23 
1 
13 
18 



Sept. 

July 

Aug. 

Oct. 

April 25 

April 12 

May 



Sept. 
Nov. 
May 
July 



13 
13 
2 
20 
29 



1781. 
1801. 
1802. 
1804. 
1807. 
1845. 
1846. 
1847. 
1847. 
1847. 
1848. 
1849. 
1850. 
1850. 
1850. 
1850. 
1851. 



By whom. 



Ilerscbel, 

Piazzi, 

Olbers, 

Harding, 

Olbers, 

Hencke, 

Galle, 

Hencke, 

Hind, 

Hind, 

Graham, 

Gasparis, 

Grasparis, 

Hind, 

Gasparis, 

Hind, 

Gasparis, 



Where. 



Slough. 

Palemia 

Bremen. 

LJlienthral. 

Bremen. 

Driessen. 

Berlin. 

Driessen. 

London. 

London. 

IVJarknee. 

NapU 

Napl< 

London. 

Naples. 

London. 

1./HM011* 
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1*616 preceding table is t^^en from the American Almanac 
for 1862. 

With the exception of Uranus, or Herschel, and Neptune, 
thene planets are called Asteroids^ meaning star-like^ or moix». 
recently Planetoids, planet-like, on account of their diminutive 
sizes, and in order to distinguish them from the larger planets. 

121. Mr. Hind proposed Victoria, or Clio, for tie name of 
the planet which he discovered on the 13th of September, and 
at first the name of the Queen was adopted by many foreign 
astronomers. But it seems that the scientific world have long 
since refused to name planets after their discoverers, or their 
patrons, or indeed after any mortal individual, choosing to adopt 
for them the names of heathen deities, thus following the 

.ancient custom in this respect. 

122. Number of New, or Recently Discovered Celestial 
Bodies. — In our former edition, the solar system was stated to 
consist of the Sun, and twenty-nine bodies revolving around 
him. At the present time, the number has increased. to forty- 
one, namely, the planet Neptune, and eleven Asteroids, the 
names and dates of discovery of which, are contained in the 
prif^ceding table. It has been stated also, that an eighth satel- 
lite of Saturn has been discovered, but of this, we have obtained 
no certain account. 

The power and perfection of new astronomical instruments, 
will probably lead to further celestial discoveries, of which the 
world at present can have no conception. 

123. The following table contains the distances of the Aste- 
roids, or what recently have been called the Planetoids, from the 
Sun. 

The radius of the Earth's orbit, in these computations, is as- 
sumed to be 95,000,000 of miles. 

Names. Distances from the Sun in Milea. 

1. Flora, 209,160,265 

2. Clio, .221,813,220 

3. Vesta, . . . . • 224,302,695 

4. Iris, 226,159,280 

5. Metis, 226,632,665 



lis. How many moons does onr system contain 1 Vniich of the planets are at« 
tended by mocns, and how many has each ? 119. In what direction do the planets 
SBove around the Sun 1 121. What is said with respect to the names of the planets 1 
122. What number of revolving celestial bodies were formerly known 1 How many 
have recently been discovered, and what are they called ) 123. In the above tahhr 
what is the estimated distance of the Bun 1 
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6. New Planet, 227,946,800 

1. Hebe, -. . 230,449,670 

8. Parthenope, . 282,829,135 

9. %eria, 243,206;650 

10. Irene, 242,468,785 

11. Astnea, 244,819,465 

12. Juno, 253,729,515 

13. Ceres, ; . 262,964,845 

14. Pallas, 263,421,510 

16. Hygeia, 299,256,700 

Observations, — The periods of the revolutions of m^nj of Ae 
recently discovered Asteroids have not been determined. W« 
have, therefore, allowed the old ones to remain in the table with 
the Planets, as in the former edition. It will be observed that 
there is a difference between the numbers expressing the dis- 
tances of. these Asteroids from the Sun, in the above, and in tiio 
former table. In that the sums are given in the nearest round 
numbers, while in this, the fractions are detailed. 

124. Orbits of the Planets. — ^The paths in which the 
planets move round the Sun, and in which the moons move 
round their primaries, are called their orbits. These orbits are 
not exactly circular, as they are commonly represented on pa- 
per, but are elliptical, or oval, so that all the planets are nearer 
the Sun, when in one part of their orbits than when in another. 

In addition to their annual revolutions, some of the planets 
are known to have diurnal, or daily revolutions, like our EartL 
The periods of these daily revolutions have been ascertained, in 
several of the planets, by spots on their surfaces. But where 
no such mark is discernible, it can not be ascertained whether 
the planet has a daily revolution or not, though this has been 
found to be the case in every instance where spots are seen, 
and, therefore, there is little doubt but all have a daily as well 
as a yearly motion. 

1 25. The axis of a planet is an imaginary line passing through 
its center, and about which its diurnal revolution is performed. 
The poles of the planets are the extremities of this axis. 

The orbits of Mercury and Venus are within that of the 



124. What is the orbit of a planet ? What revolutions have the planets, besidei 
their yearly revolutions') Have all the planets diurnal revolutions? How is t 
Known that the planets have daily revolmioiisl 1%. What is the axis of a pluietf 
What is the pole of a planet 1 which are the superior, and which the mlariar 
««kuet8? •"«»•» 
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Earih, and consequently they are called inferior planets. The 
orbits of all the other planets are without, or exterior to that of 
the Earth, and these are called superior planets. 

126. That the orbits of Mercury and Venus are within that 
of the Earth, is evident from the circumstance that they are 
never seen in opposition to the Sun, that is, they never appear 
in the west when the Sun is in the east On the contrary, the 
orbits of all the otht^r planets are proved to be outside of the 
Earthy since these planets are sometimes seen in opposition to 
the Sun. 

This will be understooRi by Fig, 232, where suppose S to be 
the Sun, M the orbit of Mercury or Venus, E the orbit of the 
Earth, and J that of Jupiter. Now, it is evident, that if a 
spectator be placed any where on the Earth's orbit, as at E, he 
may sometimes see Jupiter in opposition to the Sun, as at J, 
because then the spectator would be between Jupiter and the 
Sun. But the orbit of Venus, being surrounded by that of the 
Earth, she never can come in opposition to the Sun, or in that 
part of the heavens opposite to him, as seen by us, because our 
Earth never passes between her and the Sim. 



FIG. 232. 




BlUptieal Orbit. 



OrlritB of the FUmetB. 



127. Orbits Wliptical, — Tt has alre^y been stated, that the 
orbjtsof the planets are elliptical, (124,) and that, consequently, 
these bodies are sometimes nearer the Sun than at others. An 



126. How in it proved that the inferior planets are within the Earth*8 orbit, an(f the 
•operior ones without if Explain F'w 232, and show why the inferior planeta 
never can be in opposition to the Sun. 127. What are the shapes of the planetary or 
bits? What is meant by perihelion ? What by aphelion? . 
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ellipse, or oval, has two foci, and the Sun, instead of being in 
the common center, is alwajrs in^the lower focus of their oniifcL 

The orbit of a planet is represented by Fig, 233, \irhere A D 
B £ is an ellipse, with its two foci, S and O, the Sun being in 
the focus S, which is called the lower focus. 

When the Earth, or any other planet, revolving around the 
Sun, is in that part of its orbit nearest the Sun, as at A, it ii 
said to be in its perihelion ; and when in that which is at the 
greatest distance from the Sun, as at B, it is said to be in iti 
aphelion. The line S D, is the mean, or average distance of ft 
planet's orbit from the Sun. 

128. Ecliptic. — ^The planes of the orbits of all the planeti 
pass through the center of*^e Sun. The plane of an orbit ii 
an imaginary surface, passing from one extremity, or side of the 
orbit, to the other. If the rim of a drum head be donsidered the 
orbit, its plane would be the parchment extended acro^ it, oo 
which the drum is beaten. 

Let us suppose the Earth's orbit to be such a plane, cot^ 
the Sun through his center, and extending out on every side to 
the starry heavens ; the great circle so made, would mark tin 
hne of the ecliptic, or the Sun's apparent path thVough die 
heavens. 

The circle is called the Sun's apparent path, because the rer- 
olution of the Earth gives the Sun the appearance of passinff 
through it. It is called the ecliptic, because eclipses happea 
when the Moon is in, or near, this apparent path. ' 

129. Zodiac. — The Zodiac is an imaginary helty or brod 
circle, extending quit^ around the j^eavens. The ecliptic dividei 
the zodiac into two equal parts, the zodiac extending 8 degrees ' 
on each side of tlie ecliptic, and therefore is 16 degrees widft 
The zodiac is divided into 12 equal parts, called the signs cftkt 
zodiac. 

130. The sun appears every year to pass around the greet 
circle of the ecliptic; and consequently, through the 12 constel- 
lations, or signs of the zodiac. But it will be seen, in another 
place, that the Sun, in respect to the Earth, stands still, and 
that his apparent yearly course through the heavens is caoBid 
by the annual revolution of the Earth around its orbit. 

To understand the cause of this deception, let us suppose Out 

12R. What is the plane of an orbit? Explain what is meant by the echptic WIf 
IB the ecliptic called the Sun's apparent path ? 129. What is the zodiac 7 How diM 
the ecliptic divide the zodiac 1 How far does the zodiac extend on each rtdeflf M 
ecliptic 7 130. Explain Fig. 234, and show why the Sua seems to pass tkraak ii 
ecliptic, when the Earth only revolTes around the Son 7 
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8, Mff. 284, is the Sun, A B, a part no. SM. 

of the drde of the ecliptic, and C 
D, a part of the Earth's orbit Now 
if a spectator be placed at C, he will 
. see the- Sun in that part of the eclip- 
tic marked by B, but when the 
Earth moves in her annual revolu- 
tion tf> D, the spectator will see the 
Sun in that* part of the heavens 
marked by A ; so that the motion 
of the Earth in one direction, will 
give the Sun an apparent motion in 
the contrary direction. 

131. Constellations. — A sign 
or constellation, is a collection of 
fixed stars, and as we have already Zodiae. 
seen, the Sun appears to move 

through the twelve signs of the 7X)diac every year. Now, the 
Sun's place in the heavens, or zodiac, is found by his apparent 
conjunction, or nearness to any particular star in the constella- 
tion. Suppose a spectator at C, Fi^, 234, observes the Sun to 
be nearly in a.line with the star at B, then the Sun would be 
near a particular star in a certain constellation. When the 
Earth moves to D, the Sun's place would assume another direc- 
tion, and he would seem to have moved into another constellation, 
and near the sCar A. 

132. Each of the 12 signs of the zodiac is divided into 30 
smaller parts, called degrees ; each degree into 60 equal parts, 
called minutes, and each minute into 60 parts, called seconds. 

Tlie division of the zodiac into signs, is of very ancient date, 
each sign having also received the name of some animal, or 
thing, which .the constellation, forming that sign, was supposed 
to resemble. It is hardly necessary to say, that this is chiefly 
the result of imagination, since the figures made by the places 
of the stars, never mark the outlines of the figures of animals, 
or other things. This is, however, found to be the most con- 
Tcnient method of finding, any -particular star at this day, for 
among astronomers, any star, in each constellation, may be de- 
signated by describing the part of the animal in which it ih 



131. What is a constellation, or sign? How is the 8un'*8 appn<'ent place in the 
heavens found? 132. Into how many parts are the signs of the zodiac divided, and 
what are these parts called 1 Is there any resemblance between the P'*<^^ "' ,V** 
Mars, and the figures of the animals after which they are called 1 Explain why tuia 
fai a convenient method of findinf any imrticular star in a sign. 
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■ituated. Thm, bv knowing how manT etan belong to tbe txa- 
stellatioo Leo, or the LioD, we refidily know what. sUr ia metnt 
by Uiat which is situated on the Lion's ear or tAJL 

133. NaiMs of the Siffna. — The namea of the 12 «i™ o( 
the Eudiao are, Aries, Taurus, Gemini, Cancer, Leo, Vii^ Xiln, 
Scorpio, Sngittarius, Ca|iriconi, Aquarius, and Piaon. lla 
comjDon naineB, or meaning of these words, in tho aame ofdei, 
are, the Ram, the Bull, tlie Twins, the Crab, the Uon, the Vtr- 
^u, t((e Scales, the Scorpion, the Archer, the Goat, the WaUn^ 
aud the Fishes. 




aiftu tftlU Zoiim. 



134. The twelve signs of the zodiac, together -with the S& 
and the earth revolving around him, are represented at F^- 
236. When the Earth is at A, the Sun will appear to bejol 



aeEulhlKlA.FIf. liSe. 
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entering the sign Aries, becaose then, when seon from the Earth, 
be ranges toward certain stars at the bi'ginning of that constel- 
lation. "When the Earth is at C, the Sun will appt'ar in the 
opposite part of the heavens, and therefore in the In^ginning of 
libra. . The middle line, dividing the circle of the zodiac into 
equal parts, is the line of the ecliptic. , 

136. Density of the Planets. — Astronomers have no 
means of ascertaining whether the planets are composed of the 
same kind of matter as our Earth, or whether their surfaces are 
clot! led with vegetables and forests, or not They have, how- 
ever, been able to ascertain the densities of several of them, by 
observations on their mutual attraction. By density^ is meant 
compactness, or the quantity of matter in a given space. (72.) 
When two bodies are of equal bulk, that which weighs most, 
has the greatest density. It was shown, while treating of the 
properties of bodies, that substances attract each other in pro- 
portion to the quantities of matter they contain. (132.) If, 
therefore, we know the dimensions of several bodies, and can 
ascertain the proportion in which they attract each other, tlieir 
quantities of matter, or densities, are easily found. 

136. Thus, when the planets pass each other in tlieir circuits 
through the heavens, they are often drawn a little out of tlie 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is obvious that the 
small planets, if of the same density, will suffer greater disturb- 
ance from this cause, than the large ones. But suppose two 
planets, of the same dimensions, pass each other, and it is found 
that one of them is attracted t^vice as far out of its orbit as the 
other,, then, by the known laws of gravity, it would be inferred, 
that one of them contained twice the quantity of matter that 
the other did, and therefore that the density of tlie one was 
twice that of the other. 

By calculations of this kind, it has been found, that the 
density of the Sun is but a little greater than that of water, while 
Mercury is more than nine times as dense as water, having a 
specific gravity nearly equal to that of lead. The Earth has 
a density about five times greater than that of the Sun, and a 
little less than half that of Mercury. The densities of the otliei 
planets seem to diminish in proj)ortion as their distances from 



135. How has the dennity of the planets been ascertained 1 What is meant by dens 
tT? In what proportion do bodies auract each other 7 136. How are tlie denwitiei 
Di the planets ascertained 7 What is the density of the Sun, of Mercury, and of the 
Barth f In what proportions do the densities of the planets appear to diminich 1 
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the Sun increase, the density of Saturn, one of the moat remote 
of planets, being only about one-third that of water. 
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137. The Si/Ln is the center of the solar system^ caid'the gnal 
dispenser of heat and light to all tlie planets. Around the Svm 
all the planets revolve, as around a common center^ he hang th$ 
largest body in^our system, and, so far as vfe know^ the lirgeH 
in the universe. 

Distance of (he Sun, — ^The distance of the Sun itom the 
Earth is 95 millions of miles, and his diameter is estimated at 
887,000 miles. Our globe, when compared with tlie magnitude 
of the SuD, is a mere point, for his bulk is about, thirteen hwk- 
dred thousand times greater than that of the Earth. Were the 
Sun's center placed in the center of the Moon's orbit, his ci^ 
cumference would reach two hundred thousand miles beyond 
her orbit in every direction, thus fiUing the whole space be- 
tween us and the moon, and extending nearly as isr beyond 
her as she is from us. A traveler, who should go at thentfl 
of 90 miles a day, would perform a journey of nearly 33,000 
miles in a year, and yet it would take such a traveler more 
than 80 years to go round die circumference of the Sun. A 
body of such mighty 4in^ensions, hanging on nothing, it is cer- 
tain, must have emanated from an Almighty power. 

The Sun appears to move around the Earth every 24 hours, 
rising in the east, and setting in the west. This motion, as will 
be proved in another place, is only apparent, and arises from 
the diurnal revolution of the Earth. 

138. Diurnal Revolution of the Sun. — The Sun, although 
he does not, like the planets, revolve in an orbit, is, howefer, 
not without motion, having a revolution around his own axis, 
once in 25 days and 10 hours. Both the fact that be has soch 
a motion, and the time in which it is performed, have heea is- 
ceitained by the spots on his surface. If a spot is seen, od a 
revolving body, in a certain direction, it is obvious, that wheB 
the same spot is again seen, in the same direction, that the bo^ 
has made one revolution. By such spots the diurnal revolntioii 
of the planets, as well as the Sun, have been determined. 



137. Where is the place of the Sun in the solar system % What is the disUnceof fli 
Sun from the Earth 7 What is the diameter of the Sun ? Suppose the cenlerflf 1^ 
Sun and that of the Moon's orbit to be coincident, how far would the Sun exMdb» 
jrond the Moon's orbit ? 138. How is it proved that the Sun.bas a motion i 
own axis? How often does the Run revolve 7 
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139. Spots o» the Sun. — Spots on the Sun, seem first to 
have been observed in the year 1611, since which time they 
have constantly attracted attention, and have been the subject 
of investigation among astronomers. These spots change their 
appearance as the Sun revolves on his axis, and become greater 
or less, to an observer on the Earth, as they are turned to, or^ 
frDin him ; they also change in respect to real magnitude and 
nmnljer ; one spot, seen by Dr. Herschel, was estimated to be 
more than &ix times the size of our Earth, being 60,000 miles in 
diameter. Sometimes forty or fifty spots may be ^een at the 
same time, and sometimes only one. They are often so largo 
as to be seen with the naked eye ; this was the ease in 1816. 

140. Nature and Design of these Spots, — In respect to the . 
nature and design of these spots, almost every astronomer has 
formed a different theory. Some have supposed them to be 
solid opaque masses of scoriae, floating in the liquid fire of the 
Sun ; others, as satellites, revolving round him, and hiding his 
light from us ; others, as immense masses, which have fallen on 
his disc, and which are dark-colored, because they have not yet 
become sufficiently heated. From these various theories we 
may infer that, at present, nothing certain is known of the na- . 
tuie and design of these spots. 

MERCURY. 

141. Mercury, the planet nearest the Sun, is about 3,000 
miles in diameter, and revolves around him at the distance of 

. ^7 millions of miles. The period of his annual revolution is 88 
days, and he turns on his axis once in about 15 hours. 

No signs of an atmosphere have been observed in this planet. 
The Sun's heat at Mercury is about seven times greater than it 
b on the Earth, so that water, if nature follows the same laws 
there that she does here, can not exist at Mercury, except in the 
state of steam. 

The nearness of this planet to the Sun, prevents his being 

often seen. He may, however, sometimes be observed just be- 

. fore the rising, and a little after the setting of the Sun. When 

seen aft^r sunset, he appears a brilliant, twinkling star, showing 

139. When were the spots on the Sun first observed 1 What has been the differ- 
ence hi the number of spots observed 1 What was the size of the spots seen by D^. 
Hersctiell 140. What ha^been advanced concerning the nature of these spots? 
Have they been accouhted for satisfactorily 1 141. What is the diameter of Mercury, 
and what are' his periods of annual and diurnal revolution 1 HoV|rreat is the Sup's 
betrt at Mercury ^ At what tiroes is Mercury to be seen 1 What is a transit ot 
Mercurf? 
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a white light, which, however, is much objured by the glare 
of twilight. When seen in the morning, before the rising of 
the Sun, his light is also obscured by the Sun's rays: 

Mercury sometimes crosses the disc of the Sun, or comeg; be- 
tween the Earth and that luminary, so as to appear like a smidJ 
dark spot passing over the Sun's face. This is called the traiuii 
of Mercury. 

142. Venus is the other planet, whose orbit is within that of 
the Earth, ller diameter is about 8,000 miles, being somewhat 
largi'r than the Earth. 

ller revolution around the Sun is performed in 224 days, at 
the distance of 68 millions of miles from him. She turns od 
her axis once in 23 hours, so that her day is a little shorter 
than ours. Her hourly motion in her orbit, is 80,000 miles. 

Venus, as seen from the Earth, is tGe most brilliant of all the 
primary planets, and is better known than any nocturnal lumiD 
ary exc(»pt the Moon. When seen through a te]esco]>e, she ei- 
hibits the phases or horned appearance of the moon, and her 
face is sometimes variegated with dark spots. 

143. This planet may often be seen in the day time, evei 
when she is in the vicinity of the blazing light of the Sun. A 
luminous appearance around this planet, seen at certain tim«, 
proves that she has an atmos])here. Some of her mountaiv 
are several times more elevated than any on our globe, being 
from 10 to 22 miles high. , 

144. Venus sometimes makes a transit across the Sun's dise, 
in the same manner as Mercury, already described. The traiwits 
of Venus occur only at distant periods fix)m each other. The 
last transit was in 17G9, and the next will not happen until 
1874. These transits have been observed by astronomers with 
the greatest care and accuracy, since it is by obsen^ations oi 
them that the true distances of the Earth and planets from the 
Sun are determined. 

145. Motions and Phenomena of Venus, — Sometimes Veav 
app<»ars to recede from the Sun, and then a})proach him, and 
as her orbit is within that of the earth, her distance from m 



142. Where is the orbit of Venus, In respect to that of the Earth Y What ff thi 
time of Venus' revolution rouml the Sun? How often does Khe turn on heraiitt 
143. What is said of the height of the mountains in Venus? 144. On what woemk 
are the transits of Venus observed with jTreat care? Mo Whatisthf* least mad fntf* 
eat distance of Venus from the Earth? When is she in h^r inferior, and wheDtahV 
ntperior conjunction with tite Sun ? Why is she invisible in tliose two posttiMM ' 
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raries from 27,000.000 to 163,000,000 of mUea. When new- 
est the earth she forms her inferior coojunction irith the Sun ; 
that ia, she is between us and bim, and hence being overpow- 
ered with his light, is inviGible. When at the greatest distance 
from us, she forms her superior conjuDction with that luniinaiy, 
and for the same reason again becomes invisible to us. 

These phenomena will 
Iw understood by the fol- "" 

lowing explanatJons in con- 
nection with Fig. 236, 
which we quote from Dr. 
Didt. 

146.'Let the earth be 
supposed at K, then when 
Venus is in the position 
marked A, it is in a line 
with the Sun as seen from 
the earth, and is then iu 
its superior conjunction, 
being in the remoteet part 
of ita orbit. When in this 
potiition, the whole of its 
enlightened hemisphere is 
toward the earth, but is invisible on account of the Sun's light. 
As it mo»es from A to B, being fi^m west to cast, which is 
called its direct motion, it. begins to appear after sunset as the 
evening star. When at B, it appears amoiig the stars at L, 
when it appears in a gibbous shape, nearly half rts disc bdng 
luminous. When at C, it appears among the stars at M, nearly 
in the form of a half moon. At D, being at the point of ita 
greatest elougation, it has the form. of a half moon,, and is seen 
among the stars at N, It now appears, for some time to bo 
stationary, because moving nearly in a straight line toward the 
earth, its motion is not seen ; when it again appears to move 
rapidl;. but in a contrary direction from before, or, from east 
to west, during which it presents the form of a crescent. It 
now gradually becomes so overpowered by the Sun's rays as 
■gain to be invisible to the naked eye, and when arrived,at E, 
forms her inferior conjunction with the Sun, and her nearest 
approach to the Earth. 

147. In this position, Venus is 36,000,000 miles neartt the 

146. DcBcrllH br iMitM nf Fl(. ^ Uu phH«ofVaniu,from l»rnpniM'Mkw 
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Earth than when in her saperior conjunctiop, and henoe the 
gr^t difference in her apparent size, and the luster with which 
she shines upon us. When near her superior conjunction, 
almost her entire disc is enlightened to us, and yet she appears 
like a faint star when compared with her luster when near her 
inferior conjunction, and when only her small crescent is turned 
4)W.'xrd us. 

Having passed her inferior conjunction, her light becomes 
less and less until she again becomes invisible, as she again ap> 
proaches her superior coniunction, as before. 

148. When Venus is m that part of her orbit which gives 
her the appearance of being west of the Sun, she rises befon 
him, and is then called the morning star;. and when she ap- 
pears east of the Sun, she is behind him in her course, and ii 
then called the evening star. These periods do not agree, either 
with the yearly revolution of the Earth, or of Venus, for she ii 
alternately 290 days the morning star, and 290 days the even- 
ing star. The reason of this is, that the Elarth'and VeDV 
move round the Sun in the same directi5n, and hence her reb- 
tive motion, in respect to the Earth, is much slower than her 
absolute motion in her orbit. If the Earth had no yearly mo- 
tion, Venus would be the morning star otie half of the yen; 
and the evening star the other half. 



THE EARTH. 

149. I'he next planet in our system, nearest the Sun, is 0* 
Earth. Her diameter is 8,000 miles. This planet revoha 
around him in 365 days, 5 hours, and 48 minutes ; and atik 
distance of 95 millions of miles. It turns round its own ni 
once in 24 hours, making a day and a night. The Earths rer* 
olution around the Sun is called its annual or yearly motkir 
because it is performed in a year; while the revolution aroud 
its own axis, is called the diurnal or daily motion, became ii I 
takes place every day. The earth's motion in her orbit v * 
the rate of 68,000 niiles per hour. The figure of the EiA 
with the phenomena connected with her motion, will be * 
plained in another place. 



147. Why 18 the liphf ofVenus to an so much lepR at fsoine tiin«>« than at •*■ 
How much nearpr fhV earth Is thip planet at ht-r inferior th%n at her mim^<* 
junction ? 148. When is Venus the niornini;. and when ihf eveiiinjr star ? Ho*** 
18 Venus the morning and how long the evening star 1 149. How lonr doA 11*1 
the Earth to revolve round the Sun 1 WhM Is meant bv the Earth's anmid t^ 
tlon, and what by her diurnal revolution 1 «"»«" b mnmm «»- j 
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THE MOON. 

• 

150. The Moon, next to the Sun, is, to us, the most brilliant 
and interesting of all the celestial bodies. Being the nearest V} 
us of any of the heavenly orbs, and apparently designed for our 
use, she has been observed wfth great attention, and many of 
the phenonaena which she presents, are therefore better under- 
stood ai2d explained, than those of the other planets. 

While the Earth revolves round the sun in a year, it is at- 
tended by the Moon, which makes a revolution round the Earth 
once in 27 days, 7 hours, and 43 minutes. The distance of 
the Moon from the Earth is 240,000 miles, and her diameter 
about 2,000 miles. 

Her surface, when seen through a telescope, appears diversi- 
fied with hills, mountains, valleys, rocks, and plains, presenting 
a most interesting and curious aspect': but the explanation of 
these phenomena are reserved for another section. 



MARB. 

151. The next planet in the solar system, is Mars, his orbit 
snrrounding that of the Earth. The diameter of this planet is 
upward of 4,000 miles, being about half that of the Earth. 
The revolution of Mars around the Sun is performed in nearly 
687 days, or in somewhat less than two of our years, and he 
tarns on his axis once in 24 hours and 40 minutes. Ilis mean 
distance from the Sun is 144,000,000 of miles, so that he moves 
in his orbit at the rate of about 55,000 miles in an hour. The 
days and nights at this planet, and the different seasons of the 
year, bear a considerable resemblance to those of the Earth. 
The density of Mars is less than that of the Earth, being only 
three times that of water. 

152. Telescopic View of Mars. — This planet, to the naked 
eye, reflects a yellowish, or dull red light, by which he may be 
distinguished from all the others. His telescopic appearance is 
quite peculiar, and often interesting, on account of the changes 
bis face presents, being sometimes spotted, then striped, then 
clouded, and so on ; and sometimes all these figures appear at 

ISO. Why ftr>3 the phenomena of the Moon better explained than those of the other 
planets'? In what time is a revolution of the Moon about the Earth performed 1 
What is the distance of the Moon from the Earth 1 151. What is the diameter of 
If are 7 How much Ion jrer is a year at Mars than our year 7 What is his rare of mo* 
tion in his orbit I 152. What is his appearance through the telescope 1 How is it 
proved that Man» has an atmopphere of great density 1 Why does Mars sometimee 
appear to us laq^er than at otIier» ? How great is the Sun's heat at Mars ? 
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Iho name Idmo, "presenting a great ve 

which are repfesented by J^^ff. 937. 

for these appearances, though tbey are attributed to dense rapcr 

in the atmosphere of the plauet. 




Mars has an atmosphere of great density and exteit^ m ^ 
proved by the dim ap^iearance of the fixed atare, -when nn 
through iL When any of the stars are seen ■ nearly in k lin 
with this planet, they give a &int, obscure light, Knd iIm Bcntr 
they approach the line of his disc, the fainter ia tb^ li^i^pitl 
the star is entirely obscured from the sight 

This planet Bometimea appears much larger to m itM ll 
>thers, and this is readily accounted for by hie greater or Im 
distance. At his nearest appronch to the Earth, his distai^ii 
only 50 millions of iniles, while his greatest distance ii !40 
millions of miles; making a difference in his distance of IW 
millions of miles, or the diameter of the Earth's orbit. 

The Sun's heat at this planet is less than half that wUdi n 
enjoy. , 

To the inhabitants of Mars, our planet appears alternate* 
Ute morning and eveniog star, as Venus does to us. 



163. Jupiter it 8S,000 miles in diameler, and pei^brnuH 

ttnwial revolution once in ahmit 11 of our years, at tl^dittaU 
of 490 milliom of miles from the Svn. This is the law* 
nlanet in the solar system, being about 1,400 times larger u> 



t)uil(l) WlulllB 
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Ae Earth- Ks diunial revolutioa is performed in nine houi» 
and Sl^y-flix minutes, giving Iiis surface, at the equatur, a nio-. 
tion of 28,000 miles per hour. This motion is about twenty 
timi'S more rapid than that of our Earth at the equator, 

Jupiter, next to Venus, is the moat brilliant of the planets, 
though the light and heat of the Sua on him is nearly 25 times 
less than on the earth. * 

This planet is distinguished &OTn all the others, by an ap- 
pearance resembling bands, which extend across his disc Thesa ' 
are termed bflts, and are variable, both in respect to- number 
and appearance. Sometimes seven or eight are seen, several of 
which extend quite across his hxx, while others appear broken, 
or interrupted. 




Butt ^ Ji^lttr. 



lllese bands, or belts, when the planet is observed through a 
telescope, appear as represented in Fig. 23S. This appearance 
is much the most common, the .belts running quit« across the 
&ce of the planet in parallel lines. Sometimes, however, his 
aqject is quite different from this, tot in 1780, Dr. Herscfad 
aaw the whole disc of Jupiter covered with small curved lines, 
each of which appeared broken, or interrupte'd, the whole hav- 
ing a parallel direction across his disc, as in Fig. 239. 

164. Jupiter has four satellites, or mooni, two of which ar» 
8i>meljraes seen with the naked eye. They move round, and 
attend him in his yearly revolution, as the Moon does our Earth. 
They complete their revolutions at different periods, the shortest 
of which is less than two days, and the longest seventeen day& 

at. How mujmooDihu Jupiter, BDd whit sre the pulDdisrtluirrevolallolul 




155. EclipsA of Jupiter's Afoons. — These satellites often M 
mto the shadow of their priniarv, in consequence of which thn 
are ecKued, aa seen from the Earth. The eclipsee of Ju[Mten 
moons Lave been observed with, great care by astroDonMil, bfr 
cause they Iiave been the meaDs of determininfr the ezsct lon^ 
tude of places, and the velocity with whiuh light moves tfarol^ i 
space. How longitude is determined by these eclipeea, tarn not ' 
be explai^ned or understood at this place, but tlie method h 
which they become the means of ascertaining ^e vdoMjd 
light, may be readily comprehended. An eclipse of one of iMi 
satellites appears, by calculation, to take place nixtoeD mioatei 
sooner, when the Earth is in that part of her orbit nearest ta 
Jupiter, tlian it does when the Earth ia in that p&rt-of her oriil 
at the greatest distance from him. Hence, light ia found to bt 
sixteen minutes in crossing the Earth's orbit, and as the 9bB ■ 
in the center of tliia orbit, or nearly so, it must take abont dfikt 
minutes for the light to come from him to us. Light, tbns- 
fore, passes at the velocity of 95 millions of mifea, our diMuM 
from the Sun, in about eight minutes, which is nearly 300/M 
milee in a second. 



156. The planet Saturn revolves round the Sun in a piM- 
of about 30 of our years, aTid at the distance from him qfVJi 



hiucFnalnKlbrirKfCRMn' 
r> perioriTc rr*ohitiaii tvaUt 
hia diameter I WhnigOMt 
Buka ■ rear u Burnt W* 
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mulli<M» of miUi. His diameter is 70,000 miles, making bn 
bulk nearly niue hundred times greater thiLn that of the ^rtb, 
but notwiuutanding thio rast size, he revulves on his axis once 
in about ten hours. Saturn, therefore, performs upwM>] of 
SG.OOO diurnal revolutions in one of bis years, and hence hi« 
fgur consLiU of more than 25,00U dayx ; a period of time er(iial 
to more than 10.000 of our days. On account of the reinut» 
distance of Satum from the Sun, he receivea only about a OOtli 
part of the heat and light whicb we enjoy on the Earth. But 
to Gom[>eDeiite,' in some degree, for this vast distance from' the 
Sun, &ituro has seven moons, which revolve round him at dif- 
Gerent distances, and at variouB periods, from 1 to 80 days. 

157. Rinfft of Satam. — Saturn is distJnguished from the 
other planets by his rinp, as Jupiter ia by hia belt When this 
planet is viewed 
Ihrougb a tele- 
scope, he ap- 
pears snrronnd- 
fid by an im- 
meDM luminous 
drde, which is 
nprwented by 
liff. 340. 

There are in- 
deed iwo lomiu' 
oua circles, or 

lings, one within tbe other, with a dnrk space between &em, so 
that they do not appear t« touch each other. N< dther does the 
inner ring touch the body of the planet^iere bei tig, by estima- 
tion, about the distance of thirty thou^md miles between them. 

The eKtemal circumference of the out«r ring is 630,000 miles, 
aud its breadtb from tbe outer to the inner circumference, 7,200 
miles, or nearly the diameter of our Earth. The dark space, 
between tbe two rings, or the interval between the inner and 
the outer ring, is 2,800 miles. 

A -third ring, interior to those heretofore known, was discov- 
ered in I85I, by Mr. Bond, of Cambridge, Mass. 

This immense ajipendage revolves round tbe Sun with tbe 
planet, — performs daily revolutions with it, and, according to 

157. How iiBilurnputkulirLrdiitlnilnlehed fniiii aU the other ptentUI Wlul 




Dr. Herschel, is k solid sabstance,' equal in densitf to the bodr 
of the planet itself. 

The denign of Saturn's ring, an appenda^ m Taet, and h 
different from any thing presented by the other plaDet^ ba 
always been a matter of speculation and inquiry among utrin- 
omers. One of its most obvious uses appean to be that of »• 
flectjng the light of the Sun on the body of the planet, sod 
possibly it may reflect the heat also, so aa in some degree to 
soften (he rigor of so iDboepitable a climate. 

158. As Uiis planet revolves around the Sun, one of its ndei 
is illuminated during one half of the year, and the other lids 
during the other half; so tlmt, as Saturn's year is equal In 
thirty of our years, one of his sides will be enlightened and 
darkened, alternately, every fifteen years, aa the poles of on 
Earth are alternately in the light and dark every yev- 

Mff. 241 represents 
Saturn as seen by an -"O- «i- _ 

OTe, placed at rightran- 
gle« to the plane of his 
ring. When seen from 
the Earth, his position is 
always oblique, as repre- 
sented by Fiff. 240. 

The inner white circle 
represents the body of 
the planet, enlightened 
by tlie Sun. The d&A 
drcle next to this, is the 
unenlightened space b^ 
twoen the body of the 
planet and the inner 
ring, being the dark ex- 
panse of the heavens be- 
yond the planet, The two white drcles are the rings of flu 
Slanet, with the dark space between them, which abo is the 
ark expanse of the heavens. 

The eighth satellite of this planet, was discovered bj Ut- 
Bond, the discoverer of this third ring, as above stated. 




159. In consequence of some inequalities in the inotioDsi^ 
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Jupiter and Saturn, in ihexr orbits, aeyeral astronomers bad bus- 
pected that there existed another planet beyond the orbit of 
Saturn, bj whose attractive inf uenoe these irregularities were 
produced. This conjecture was confirmed bj Dr. Hersehel, in 
1781, who in that year discovered the planet, which is now 
generally known by the name of its discoverer, though called 
by him Georffium Sidus, The orbit of Hersehel is beyond 
that of Saturn, and at the distance of 1,800 millions of miles 
from the Sun. To the naked eye, this planet appears Uke a 
star of the sixth magnitude, being, with the exception of some 
of the comets and Neptune, the most remote body, so far na 
known in the solar system. 

160. Hersehel completes his revolution round the Sun in 
nearly 84 of our years, moving in his orbit at the rate of 16,000 
miles in an hour. His diameter is 35,000 miles, so that his 
bulk is about eighty times that of the Earth. The light and 
heat of the Sun at Hersehel, is about 360 times less than it is 
at the Earth, and .yet it has been found, by calculation, that 
tiiis light is equal to 248 of our full Moons ; a striking proof of 
the inconceivable quantity of light emitted by the Sun. 

This planet has six satellites, which revolve round him at 
various distances, and in different times. The periods of some 
of these have been ascertained, while those of the others remain 
ftiknown. 

NETTUNB. 

161. The discovery of this planet is a signal instance of the 
powei of mathematical calculations, applied to ihe motions of 
tiie celestial bodies. 

Astronomers, for more than half f century, had observed 
from various parts of ^e world, certain secular perturbations in 
several of the most remote members of the solar system, espe- 
cially in Saturn and Uranus. 

These irregular motions, due to the law of attraction, could 
not be explained by thfe influence of" any known body, circula- 
ting around the Sun, and hence the inference that there existed 
in that region, another planet not yet seen by mortal eyes. 

162. Two young astronomers, Adams, an Englishman, and 

169. What circumstance led to the dtscoTery of Hersehel 7 In what year, and by 
whom wae Hersehel discovered ? What is the distance of Hersciiel from the Suni 
160. lo what period is his revolution round the Sun performed ? What is the diam. 
eterof HerscneH What is the quantity of light and heat at Hersehel, when com- 
pared with that of the Earth 1 VaS^ By whom, aad in what manner was Neptune 
discovered 7 Ift* 
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Leferrier, a dtiseii of BVanoe, unknown to each other,' purening 
this BUggestioD, both demonstrated, not only the existence Y>f 
this undiscovered body, bat showed within a few degrees the 
point in the heavens where it would be found, and where in 
truth the discovery was made. Dr. Galle, of BerUn, sweeping 
the heavens with his telescope, according to the directions of 
these demonstrators, first saw the planet now called Neptune, on 
the 26th of September, 1846. 8tiU Leverrier and Adams, by 
the common consent of astronomers and the scientific world, 
must have the honor of this discovery, ^so that the discovery 
of Neptune, has happily crowned two heads with laurels.'' 



no. 912. 



Herschel 




MebUive DiaUmee cf th» Pkm€t9, 

163. This planet was first called Leverrier^ but it seems tliiit 
astronomers have long since 'determined that new ones shaU 



163. What it said aboat caUlni; new pianeta aftar their diKoverera? 
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flot leoeive the names of their discoverers, bat of some heathen 
diviDitT, and hence Herschel the name of the discoverer, has 
been changed to Uranus, and Leverrier into Neptune. 

164. Distance of Neptune, — It is stated in Uie table of the 
planets, that the distance of Neptune from the Sun, is 2,850 
millions of millions of miles. On this subject, a curious calcu- 
lator sajs, ^ Had Adam and Eve started on a railway, to go 
from Neptune to the Sun, at the rate of fifty miles an hour, 
they would not yet have arrived there, for this planet, at the 
above rate, is more than 6000 years from the center of our system." 

And yet this orb was discovered by the science of man. 

Relative Situations op the Planets. — Having now given 
a short account of each planet composing the solar system, the 
relative situations of their several orbits, with th^ exception of 
those of the Asteroids, are shown by Fig. 242. 

In this figure, the orbits are marked by the signs of each 
planet, of which the first, or that nearest liie Sun, is Mercury, 
the next Venus, the third the Earth, the fourth Mars ; then 
come those of the Asteroids, then Jtipiter, then Saturn, and 
kstly HerscheL 

FIG. 213. 
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Rdatiw SixtB qf thB Pltmett. 



COMPARATIVK DIMENSIONS OF THE PlJLNBTS.'— The 00mpa»^ 

tive dimensions of the planets are delineated at Fig. 243. 

164. How long Dronld 'ttake to go flrom our syseeai to N«iitiiiw,at thsrttt 0f MUf 
miles an hour % 
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MOTIONS OF THE FLANXTS. 

It is said, that when Sir Isaac Newton was near demonstra- 
ting the great truth, that gravity is the cause which keeps the 
beavenly bodies in their or bite, he became so agitated with the 
Noughts of the magnitude and consequences of this discovery, 
as to be unable to proceed with his demonstrations, and desired 
a friend to finish what the intensity of his feelings woukl not 
allow him to complete. . 

We have seen, in a former part of this work, (183,) that all 
undisturbed jnotion is straight forward, and that a body pro- 
jected into open space, would continue, per[»etually, to move in 
a right line, unless retarded or drawn out of this course by some 
external cause. 

To account for the motions of the planets in their orbits, we 
will sup])ose that the Earth, at the, time of its creation, was 
tlirown by the hand of the Creator into open space, the Sun 
having been Ix^fore created and fixed in his present place. 

166. Circular Motimi of the Planets. — Under Compouiid 
Moti(m, (190,) it has been shown, that when a body is a<:ted on 
by two forces perpendicular to each other, its motion will be in 
a diagonal between the direction of the two forces. 

But we will again here sup- • 

pose that a ball is moving in the ^®' ^^ 

line M X, Fig, 244, with a given 
force, and that another force half 
as great should strike it in the 
direction of N, the ball would 
then describe the diagonal of a 
parallelogram, whose length 

would be just equal to twice its Diagonal MotUm. 

breadth, and the line of the ball 

would be straight, because it would obey the impulse and direc- 
tion of these two forces only. 

Now let A. Fig. 245, represent the Earth, and S the Sun; 
aind suppose the Earth to be moving forward, in the line from 
A to 6, and to have arrived at A, with a velocity sufficient, in 
a given time, and without disturbance, to have carried it to B. 
But at the point A, the Sun, S, acte upon the Earth with his 
attractive power, and with a force which would draw it to C, 

165. Suppose a body to be acfort on by tw<f forcfs perpendicular to each other, io 
whftt direction will it' move 7 Why doe's the bifil. F'K- 244. move in a ptra>frht lioe? 
^hy does the^arth. Fig. 245. move in a curved line 1 Explain Fig. 245| and show 
low the two forces act to produce a circular line of motion 1 
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Circular MtOion of the Planets. 



in the same space of time a™* ^*^ b 

that it would otherwise 
have gone to B. Then the 
Earth, instead of passing to 
B, in a straight line, would 
be drawn down to D, the 
di?igonaI of the parallelo- 
gram, A B D 0. The line 
of direction, in Fig, 244, 
is straight, because the 
botly moved, obeys only 
the" direction of the two 
forces, but it is curved from 
A to D, Fig. 245, in con- 
sequence of the continued force of the Sun's attraction, which 
produces a constant deviation from a right line. 

Wlien the Earth arrives at D, still retaining its projectile or 
cf'ntrifugal force, its line of direction would be toward N, but 
while it would pass along to N without disturbance, the attract- 
ing force of the Sun is again sufficient to bring it to E, in a 
straight line, so that, in obedience to the two impulses, it again 
dcfcicribes the curve to O. 

It must be remembered, in order to account for the circular 
motions of the planets, that the attractive force of the Sun is 
not exerted at once, or by a single impulse, as is the case with 
the cross forces, producing a straight line, "but that this force is 
imparted by degrees, and is constant. It therefore acts equally 
on the Earth, in all parts of the course from A to D, and from 
D to 0, Fig. 245. From O, the Earth having the same im- 
pulses as before, it moves in the same curved or circular direc- 
tion, and thus its motion is continued perpetually. 

166. The tendency of the Earth to move forward in a straight 
hne, is called the centrifugal force, and the attraction of the 
Sun, by which it is drawn downward, or toward a center, is 
called its centripetal force, and it is by these two forces that the 
planets are made to perform their constant revolutions around 
the Sun, (197.) 

167. Elliptical Orbits, — In the above explanation, it has 
been supposed that the Sun's attraction, which constitutes the 
Earth's gravity, was at all times equal, or that the Earth was 
at an equal distance from the Sun, in all parts of its orbit. 



166. Wtiat is the projectile force of the Earth called 1 What is the attractive forot 
of the Bun, which draws the Earth toward him, ealledl 
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But, as hereto^re eiplained, the orbits of all the planets -are 
elliptical, the Sun being placed in the lower focus of the ellipse. 
The Sun's attraction is, tnerefore, stronger in some parts of their 
orbits than in others, and for this reason their velodties are 
greater at some periods of their revolutions than at others. 

The Earth, therefore, in its journey round the Sun, moves at 
very unequal velocities, sometimes being retarded, and then 
again accelerated, by the Sun's attraction. 

168. Planets Pass Eqiud Area^ in Equal Times. — It is an 
interesting circumstance, respecting the motions of the planets, 
that if the contents of their orbits be divided into unequal tri- 
angles, the acute angles of which center at the Sun, with the 
line of the orbit for their bases, the center of the planet will 
pass through, each of these bases in equal times. 

This will be understood by 
Fig, 246, the elliptical circle ™- 248. 

being supposed to be the 
Earth's orbit, with the Sun, 
in one of the fod. 

Now the spaces, 1, 2,^8, 
d^c, though of different shapes, 
are of the same dimensions, 
or contain the same quantity 
of surfece. The Earth, we 
have already seen, in its jour- 
ney round the Sun, describes 
an ellipse, and moves more 
rapidly in one part of its orbit 
than in another. But what- 
ever may be its actual ve- 
locity, its comparative motion 
is through equal areas in equal 
times. Thus its center passes 
from A to B, and fr6m B to D, in the same period of time, and 
so of all the other divisions marked in the figure. If^the figure^ 
therefore, be considered the plane of the Earth^s orbit, divided 
int6 12 equal areas, answering to the 12 months of tlie year» 
the Earth will pass through the same areas in every month, boi 
the i^aoes through which it passes will be increased, during, 
every month, for one half the year, and diminished, during 
every month, for the other half. 




EB^sHcta OthiU, 



IfS. What is meant by i^^n«t'« paMlB^ t1i»>Q|fh Mjnl wpO^ in egmt MtatHY 
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160. Why the Planets do not Fall to the Sun,— The roason 
irhy the planets, when they approach near the Sun, do not fall 
to him, in consequence of his increased attraction, and why 
they do^ not fly off into open space, when they recede to the 
greatest distance from him, may be thus explained. 

Taking the Earth as an example, we have shown that when 
in the part of her orbit nearest tne Sun, her velocity is greatly 
increased by his attraction, and that consequently the Earth's 
centrifugal force is increased in proportion. 

170. Now, the velocity of the earth increases in an inverse 
proportion, as its distance from the Sun diminishes, and in pro- 
portion to the increase of velocity is its centrifugal force in- 
creased ; so that, in any other part of its orbit, except when 
nearest the Sun, this increase of velocity would carry the Earth 
away from its center of attraction. ^But this increase of the 
Earth's velocity is caused by its near approach to the Sun, and 
consequently the Sun's attraction is increased, as well as the 

. Earth s velocity. In qther terms, when the centrifugal force is 
increased, the centripetal force is increased in proportion, and 
thus, while the centrifugal force prevents the Earth from filing 
to the Sun,' the centripetal force prevents it from moving off in 
a straight line. 

THE BARTH. 

171. Proofs of the EartKs Diurnal Revolution, — It is almost 
universally believed, at the present day, that the apparent daily 
motion of the heavenly bodies from east to west, is caused by 
the real motion of the Earth from west to east, and yet there 
are comparatively few who have examined the • evidence on 
which this belief is founded. For this reason, we will here state 
the most obvious, and to a common observer, the most convinc- 
ing proofe of the Earth's revolution. Thiese are, first, the in- 
conceivable velocity of the heavenly bodies, and particularly the 
fixed stars, around the Earth, if she stands still. Second, the 
£eu^ that air astronomers of the present age agree, that every 
phenomenon which the heavens present, can be best accounted 
for, by supposing the Earth to revolve. Third, the analogy to 
be drawn firom many of the' other planets, which are known 

169. How to ft diown, that If the motion of a revolrinjr body is increased, its pro* 
fectile force is also iocreased 7 170. By what force is the Earthi's velocity increased 
•8 it approaches the Sun 1 When the Earth is nearest the Sun. why does it not fall 
to him? When the Earth's centritu^tal force is greatest, what prevents its flying 
from the Sun T 171. What are the most obvioas and convincing proofs that the Eartfi 
revolver on its axis ? 
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to revolve on their axes ; and fourih, the different lengUn of 
days and nights at the different planets, for did the Sun revolve 
about the solar system, the days and nights at many of the 
planets must be of similar lengths. 

172. The distance of the Sun from the Earth being 95 mO- 
lions of miles, the diameter of the Earth's orbit is twice its dis- 
tance from the Sun, and, therefore, 190,000,000 of miles. 
Now, the diameter of the Earth's orbit, when seen from tlie 
nearest iixed star, is a mere point, and were the orbit a solid 
mass of dark matter, it could not be seen, mih such eyes n 
ours, from such a distance. This is known by the fiict, thtt 
these stars appear no larger to us, even when our sight is assisted 
by the best telescopes, when the Earth is in that part of ber 
orbit nearest them, than when at the greatest distance, or in the 
opposite part of her orbit. The approach, therefore, of 190 
millions of miles toward the fixed stars, is so small a part d 
their whole distance from us, that it makes no perceptible dif- 
ference in their appearance. 

173. Now, if the Earth does not turn on her axis once- in 24 
hours, these fixed stars must r%volve around the Earth at tin 
amazing distance once in 24 hours. If the Sun. passes arotmd 
the Earth in 24 hours, he must travel at the rate of netrij 
400,000 miles in a minute; but the fixed stars are at least 
400,000 times as far beyond the Sun, as the- Sun is from os, 
and, therefore, if they revolve around the Earth, must go at the 
rate of 400,000 times 400,000 miles, that is, at the rate of 
160,000,000,000, or 160 billions of miles in a minute; a ve- 
locity of which we can have no more conception than of infinity 
or eternity. 

174. In respect to the analogy to be drawn from the known 
revolutions of the other planets, and the different lengths of 
days and nights among them, it is sufficient to state, that to 
the inhabitants of Jupiter, the heavens appear to make a revo- 
lution in about 10 hours, while to those of Venus, they appear 
to revolve once in 23 hours,; and to the inhabitants of the oth« 
planets a similar difference ^ems to take place, depending on 
the periods of their diurnal r<^volutions. 

175. Now, there is no more reason to suppose that the 
heavens revolve round us, than there ip to suppose that they re- 

172. Were the Earth's orbit a solid niasi, could it be seen by us at the difllaneeof 
the fixed stars 1 173. Suppose the Raiih stood still, how fast must the Sud move to 
fo round it in 24 hours 7 At what rate ipiust the fixed stars move to go rouDd it is M 
hours 1 174 If the heavens appear to revolve every 10 hours at Jupiter, and ewf 
M hours at the Earth, how can this difiRerenee beacconnt^Ad for, if they rmlvetfain 
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volve around any of the other planets, since the same apparent 
revolution is common to them all ; and as we know that the 
other planets, at least many of them, turn on their axes, and as 
all the phenomena presented by the Earth, can be accounted 
finr by such a revolution, it is folly to conclude otherwise. 



HORIZON. 



176. The horizon is distinguished into the sensible and ra- 
tional. The sensible horizon is that portion of the surface of 
the Earth which bounds our vision, or the circle around us, 
where the sky seems to meet the Earth. When the Sun rises, 
be appears above the sensible horizon, and when he sets, he 
■inks below it The rational horizon is an ima^nary line pass- 
ing through the center of the Earth, and dividing it into two 
equal parts. 

177. Direction of the Ecliptic. — The ecliptic, (128,) we 
have already seen, is divided into 360 equal parts, called de- 
grees. All circles, however large or small, are divided into 
degrees, minutes, and seconds, in the same manner as the 
echptic * 

' The axis of the ecliptic is an imaginary line passing through 
its center and perpendicular to its plane. The extremities of 
this perpendicular line, are called the poles of the ecliptic. 

If the ecliptic, or great planiB of the earth's orbit, be consid- 
ered on the horizon, or parallel with it, and the line of the 
Earth's axis be inclined to the axis of this plane, or the axis of 
the ecli|)tic, at an angle of 23-jt degrees, it will represent the 
relative positions of the orbit, and the axis of the Earth. 

These positions are, however, merely relative, for if the posi- 
tion of the Earth's axis be represented perpendicular to the 
equator, tlien the ecliptic will cross this plane obliquely. But 
when the Earth's orbit is considered as having no inclination, 
its axis of course will have an inclination to the axis of the 
ecliptic, of 23i degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic perhaps it is the most natural and convenient method 
to consider this as a horizontal plane, with the equator inclined 

175. Is there any more reason to believe that the Sun revolres round the Earth than 
round anv of the other planets ) How can all the phenomena of the heavens be ac- 
eouitted K)r if the planets do not revolve? 176 How is the sensible horizon distia* 
fuished from the rational ? 177. How are circles divided 1 What Is the axis of the 
ecliptic ? What are the poles of the ecliptic 1 How manv degrees is the axis of the 
Earth f nelined to that of the ecliptic 1 What is said eoDfifTiuiig th« relative potitlona 
of the Earth's axis and the plane of the ediptle % 
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to it, instead of considering the equator on the plane of the 
horizon, as is sometimes done. 

178. Inclination of ths Earth^b Axis. — ^The inclination 
of the Earth's axis to the axis of its orbit never varies, but 
always makes an angle with it of 23^^ degrees, as it moves 
round the Sun. The axis of the Earth is therefore always par- 
allel with itself. That is, if a line be drawn through the center 
of the Earth, in the direction of its axis, and extended north and 
south, beyond the Earth's diameter, the line so produced will 
always be parallel to the same line, or any number of lines, so 
drawn, when the Earth is in different parts of its orbit. 

Suppose a rod to be fixed into the flat surface of a table, and ' 
so inclined as to make an angle with a perpendicular fn>m the 
table of 23i degrees. Let this rod represent the axis of the 
Earth, and the surface of the table, the ecliptic. Now place on 
the table a lamp, and round the lamp hold a wire circle tbree- 
or four feet in diameter, so that it shall be parallel with the 

{)lane of the table, and as high above it as the flame of the 
amp. Having prepared a small terrestrial globe, by passing a 
wire through it for an axis, and letting it project a few incjies 

no. sii7. 




hteUnation of the Earth** iUfiv. 



178w Are the orbits of the other planets parallel to the Earth's orUt, or t»iffH»yt| 
VI What is meant bf the Earth's axis being panllel to itself f 
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6fldi way, for the poles, take hold of the north pole, and carry 
it round tJbe circle with the poles constantly parallel to the rod 
lising above the table. The rod being inclined 23-} degrees 
firom a perpendicular, the poles and axis will be inclined in the 
same degree, and thus the axis of the earth will be inclined to 
that of the ecliptic every where in the same degree^and lines 
drawn in the direction of the EarthV axis will be ^rallel to 
each other in any part of its orbit 

1T9. This will be understood by Fig. 247, where it will be 

fin, that the poles of the Earth, in the several positions of A 
C and D, being equally inclined, are parallel to each other. 
Supposing tl^ lamp to represent the Sun, and the wire circle 
the Earth's orbit, the actual position of the Eanh. during its 
annual revolution around the Sun, will be comprehended, and 
if the globe be turned on its axis, while passing round the lamp, 
the diurnal, or daily revolutions of the Earth will also ^ be 
represented. 

DAT AND NIGHT. 

180. Were the direction of the EartKs axis perpendicular to 
the plane of its orbit, the days and nights would be of eqtud 
length all the year, for then just one half of the Earth, from 
^le to pole, toould be enlightened, and at the same time the 
other half would be in darkness. 

FIG. 9fflL 





Day and NighL 

Suppose the line S o, Fig. 548, from the Sun to. the Earth, 
to be the plane of the Earth's orbit, and that N S is the axis of 
the Earth perpendicular to it, then it is obvious, that exactly 

179. Row does it appear by Fig. 247. that the axis of the Earth is parallel to Itself, 
Ai all parrs of its orbit? 180. IIow are the annual and diurnal revolutions of the 
Earth illustrated by Pig. 2481 Explain, by Fig. 248, why the days and nights would 
efmrj where be equal, were the axis of the Earth perpendicular to the plane of bis 
orbft. 



to hf instead of eonflidering the eqvalqr i 
horvBon, as is aometimes done. 

178. IVOUVATIOK OF THE EaRTHV Azi 

of the Earth's axis to the axis of its orh 
always makes an angle with it of 234- d 
round the Sun. The axis of the Earth is tl 
allel with itself. That is, if a line he drawn 
of the Earth, in the direction of its axis, and 
south, heyond the Earth's diameter, the li 
always be parallel to the same line, or any 
drawn, when the Earth is in different parts 
Suppose a rod to be fixed into the nat su 
80 inclmed as to make an angle with a per 
table ci 2di degrees. Let this rod repres 
Earth, and the surfiice of the table, the eclif 
the table a lamp, and round the Damp hold 
or four feet in aiameter, so that it shall I 
plane of the table, and as high above it i 
tamp. Having prepared a small terrestrial 
wire through it for an axis, and letting it [ 

no. sii7. 
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the same points on the Earth would constantly pass through 
the alternate vicissitudes of day and night ; for all who live oo 
the meridian line between N and S, which line crosses the 
equator at o, would see the Sun at the same dme, and ooose- 
queutly, as the Earth revolves, would pass into the dark hem- 
isphere aLihe same time. Hence, in all parts of the globe, the 
days and iKghts would be of equal length, at any given place. 

181. Now it is the inclination of the Earth's axis^ as above 
described, which causes the lengths of the days and nights to 
differ at the same place at different seasons of the year; for o^ 
reviewing the position of the globe at A^-Fig, 247, it will he 
observed that the line formed by tlie enlighten^ and darlf 
hemispheres, does not coincide with the line of the axis and 
pole, as in Fig, 248, but that the line formed by the darkness 
and the light, extends obliquely across the Hue of the Earth's 
axis, so that the north pole is in the light while the sonth is in 
the dark. In the position A, therefore, an observer at the north 
pole would see the sun constantly, while another at the south 
pole would not see it at all. Hence those living in the north 
temperate zone, at the season of the year when the earth is at 

' A, or in the Summer, would have long days and short nights, 
in proportion as they approached the polar circle ; while those 
who live in the south temperate zone, at the same time, and 
when it would be Winter there, would have long nights and 
short days in the same proportion. 

SEASONS or THE TEAR. 

1 82. The vicissitudes of the seasons are caused by the annual 
revolution of the Earth round the Sttn, together with the in- 
clination of its axis to the plane of its orbit. 

It has already been explained, that the ecliptic is the plane 
of the Earth's orbit, and is supposed to be placed on a level 
with the Earth's horizon, and hence, that this plane is consid- 
ered the standard, by which the inclination of the lines crossing 
the Earth, and the obliquity of the orbits of the other planeti, 
are to be estimated. 

183. The Solstices. — The solstices are the points where the 
ecliptic and the equator are at the greatest distance from each 

181. What is the cause of the unequal lengths of the days and nifhts in diflTereat 
parts of the world? 182 What are the causes which produce the seamtiwof rbt 
year? 183. What are the solstices? When the Sun enters the Summer sob^icflb 
what is said of the lenslh of the days and nights? Wlten does the Sun eotrrtbt 
Winter soUitice, and woat is the pi'oportion between the length of tb« duntai 
niglito 1 
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other. The Earth, in its yearly revolutioii, passes through each 
of these points. One is called the Summer, and the other the 
HVinter solstice, llie Sun is said to enter the Summer solstice 
on the 21st of June; and at this time, in our hemisphere, the 
days are longest and the nights shortest On the 21st of De- 
cember, he enters his 'Winter solstice, when the length of the 
days and nights are reversed from what they were in June be- 
fore, the days being shortest, and the nights longest 

Having learned these explanations, the student will be able 
, to understand in what order the seasons succeed each other, 
and the reason why such changes fire the effect of the Earth^s 
revolution. 



REVOLUTIONS OF THE EARTH. 



184. Suppose the Earth,. Fig, 249, to be in her Summer 
aclstice, which takes place on the 21st of June. At this period 
4iie will be at A, ha\ing her north pole, N so inclined toward 



FIG. 249. 








Summer itti 

theVjMhdrw 

HenvUpktn 



N 

# 





Smmner in^ 
tAfi Souihtrn/ 



VN 




X4 



yjff' 



l^aaons^ of the Year. 



S 



the Sun, that the whole arctic circle will be illuminated, ana 
consequently the Sun's rays will extend 23^- degrees, the breadth 
of the polar circle, beyond the north pole. The diurnal revolu- 
tion, therefore, when the Earth is at A, causes no succession of 
day and night at the pole, since the whole fi-igid zone is within 



I8t. At what season of the year is the whole arctic circle illuminated 7 
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the reach of his rays. The people who live withia the aasbfi 
drele will^ oonseqnentlj, at this time, enjoy perpetual day. 

185. During this period, just the same proportion. of the 
earth that is enlightened in the northern hemisphere, will he i]> 
total darkness in the opposite region of the southern hemisphere ; 
so that while the people of the north are blessed with perpetual 
day, those of the south are groping in perpetual night. Those 
who live near the arctic circle in the north temperate zone, will, 
during the Summer, come, for a few hours, within the regions 
of ni^t, by the Earth^s diurnal revolution ; and the greater the 
distance from the circle, the longer will be their nights, and ihe 
shorter their days. 

186. Hence, at this season, the days will be longer than the 
nights every where between the equator and the arctic circle. 
At the equator, the days and nights will be equal, and between 
the equator and the south polar circle, the nights will be long^ 
than the dayis, in -the same proportion as the days are longer 
than the nights, from the equator' to the arctic circle. 

1 87. The Sun alvuiys Shines on 1 80 Degrees of the Earth, — 
It will be observed by a careful perusal of the above explana* 

' tion of the seasons, and a close inspection of the figure by which 
it is illustrated, that the Sun constantly shines on a portion of 
the Earth equal to 00 degrees north, and 90 degrees south, 
from his place in the lieavens, and consequently, that he always 
enlightens 1 80 degrees, or one half of the Earth. If, therefore, 
the axis of the Earth were perpendicular to the plane of its 
orbit, the days and nights would every where be equal, for as 
the Earth performs its diurnal revolutions, there would be 12 
hours day, and 12 hours night. But since the inclination of its 
axis is 23^ degrees, the light of the Sun is thrown 23^ degrees 
farther in that direction, when the north pole is turned toward 
the Sun, than it would, had the Earth's axis no inclination. 
Now, as the Sun's light reaches only 90 degrees noHh or south 
of his place in the heavens, so when the arctic circle is enHght- 
ened, tne antarctic circle must he in the dark ; for if the light 
reaches 23i- degrees beyond the north pole, it must fall 2Z\ de- 
grees sh ort of the s outh pole. 

1J8: AstH8'*18N|kJravels round the Sun, in his yearly dr- 
>"CWt this inclination oK^l^oles is alternately toward and from 

,aR At «^a* *®f*^!!iov*Derplmll d!Sfecircle in the dark 7 While the pe opto 
^*;ht north polf V^SUois. ^^Ul the dayl%»« **»« situation of those near the aouth 
neartne^^ A.t v»hat seasu^ ^^^^ cSre^^i^geT^tLXi the nlghta every where be- 

Jweentbc 
Ught teacn 



"'^'^ i 18B At >^hat season ; »^(;-^^,^^, ^ 



How many degrees does the Sun's 
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him. During our Winter, the north polar region. is thrown be- 
yond the rays of the Sun, while a corresponding portion around 
the south pole enjoys the Sun's light. And thus, at the poles, 
there are alternately six months of darkness and Winter, and 
six months of sunshine and Summer. 

189. While we, in the northern hemisphere, are chilled by 
tlie cold blasts of Winter, the inhabitants of the southern hem- 

■ isphere are enjoying all the delights of Summer; and while 
we are scorched by the rays of a vertical Sun in June and July, 
our southern neighbors are shivering with the rigors of mid- 
Winter. 

190. At the equator, no such changes take place. The rays 
of the Sun, as the Earth passes round him, are vertical twice a 
year at every place between the tropics. Hence, at the equator, 
there are two Summers and no Winter, and as the Sun thore 
constantly shines on the same half of the Earth in succession, 
the dap and nights are always equal, there being 12 hours of 
light and 12 of darkness. 

191. Velocity of the Earth. — The motion of the Earth 
round the Sun, is at the rate of 68,000 miles in an hour, while 
its motion on its own axis, at the equ§^r, is at the rate of about 
1,042 miles in the hour. The equator being that part of the 
Earth most distant from its axis, the motion there is more rapid 
than toward the poles, in proportion to its greater distance from 
the axis of motion. 

192. The method of ascertaining the velocity of the Earth's 
motion, both in its orbit and round its axis, is simple and easily 
understood ; for by knowing the diameter of the Earth's orbit, 
its circumference is readily found, and as we know how long it 
takes the Earth to perform her yearly circuit, we have only to 
calculate what part of her journey she goes through in an hour. 
By the same principle, the hourly rotation of the Earth is as 
readily ascertained. 

193. We are insensible to these motions, because not only 
the Earth, but the atmosphere, and all terrestrial things, partake 
of the same motion, and there is no change in the relation of 
objects in consequence of it. 



168. Durini; our Winter, Is the north pole turned to or from the Sun *? At th« 
poles, how many days and niirhts are there in the year ? 189. When it ip Winter in 
the northr-rn^piniispliere. what is the season in the southern hemisphere 7 190. At 
what rate does the Earth move around the Bun 1 What are the seasons at the equa* 
tor? 191. How fast does it move around jtsaxisat the equator? 192. How is the 
Telocity of the Earth ascerlained? 193. Why are we insensible of the Earth'P 
motien 1 
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CAUfBS OF THK HEAT AND COLD OF THE BEA8ONB. 

194. We have seen that the Earth revokes round the Sun In 
an elliptical orbit, of which the Sun is one of the foci, and con^ 
sequentlj that the Earth is nearer him, in one part of her orbit 
than in another. From the great difference we experienoe be^ 
tween the heat of Summer and that of Winter, we should be 
led to suppose that the Earth must be much nearer the Sun in 
tlie hot season than in the cold. But when we come to inquire 
into this subject, and to ascertam the distance of the Sun at dif- 
ferent seasons of the year, we find that the ^reat source of heat , 
and light is nearest us dunng the cold of Vyinter, and at the 
greatest distance during ^he heat of Summer. 

195. It has been explained, under the article Optics; (39,) 
that the angle of vision depends on tlie distance at which a 
body of given dimensions is seen. Now, on measuring the an- 

fular dimensions of Ihe Sun, with accurate instruments, at dif- 
jrent seasons of the year, it has been found that his dimensions* 
mcrease and diminish, and that these variations correspond ex- 
actly with the supposition that the Earth moves in an elliptical 
orbit. 

196. If, for instance* his apparent diameter be taken in 
March, and then again in July, it will be .found to have dimin- 
ished, which diminution is only to be accounted for, by suppos- 
ing that he is at a greater distance from the observer in July 
than in March, From July, his angular diameter gradually in- 
creases, till January, when it again diminishes, and continues to 
diminish, until July. By many observations, it is found, that 
the greatest apparent diameter of the Sun, and therefore his 
least distance from us, is in January, and his least diameter, and 
therefore his greatest distance, is in July. 

197. The actual difference is about three millions of miles, 
the Sun being that distance further from the Earth in July than 
in January. This, however, is only about one-sixtieth of his. 
mean distance from us, and the difference we should experienc6 
in his heat, in consequence of this difference of distance, 
will therefore be very small. Perhaps the effect of his prox- 
imity to the Earth may diminish, in some small degree, the 
severity of Winter. 

194. At what 8eaM>n of the year is the Sun at the greatest, and at what aeaBon the 
least d'staiic* from the Earth f 195. How is it ascertained that the Earth moves |d 
an elliptical orbit, by the appearance of the Run ? 196. When does the Sun apn«>ar 
under the greatest apparent diameter, and when under the least 7 197. How much 
further is the Sun from us in Julj tlian in January 1 What effect doe«ttafs diflfereooe 
produce on the Earth 1 
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198. Temperatitrt of iSummer <md Wmtw.— The hpat of 
Summer, and the cold of Winter, must thi'refbre arise from the 
difference in the meridian altitude of the Sun, and in the time 
of his continuance above the horizon. In Summer, the eoliir 
ra^B fall on the Earth, in nearly a perpendicular direction, and 
bis powerful heat is then consttUitly accumulated by the long 
days and short nights of the season. 

199. In Winter, on tlie contrary, the solar rays fall so ol>- 
liqnely on the Earth, aa to produce little waimth, and tlie small 

. effect they do produce during the Short days of that season, is 
almoat entirely destroyed by the long nights which succeed. 
The differen(!e between the effects of perpendicular andT>blique 
raya, seems to depend, in a great measure, on the different ex- 
tent of surlace over which they are spread, 

200. When the rays of the Sun are made to pass through a 
convex leQB, the heat is increased, because the number t^ rayi 

.which naturally cover a lai^ surface, are then made to cover a 
iiqalleTone,so that the power of the glaasdepends on the num- 
ber of rays thus brought to a focus. If^ on the contrary, the 
rays of the Sun are suffered to pass through a concave lens, 
their natural heating power is diminished, because they are dis- 
persed, or spread over a wider surface than before. 

201. SuTAmer and 
■ Winter Jiays.—Now 

to e,pti\y these di^r- 
ent e^ds to the Sum- 
mer and Winter rays 
ofthe&un, letossup- 
poae that the rays faU- 
iDg perpendicularly on 
a given extent of sur- 
&ce, impart to it a 
certain degree of heat, 
tiien it is obvious, that 
if the same number of 



iurface, their heating 
power would be di- 
minished in propoi- 
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tioiii and that only half the heat would be imparted. This is 
the effect produced by the Sun's rays in the Winter. Tliey 
fall 80 obliquely on the Earth, as to occupy nearly double the 
space that the same number of rays do in the Summer. 

This is illustrated by Fig. 260, where the number of raya, 

both in Winder and Summer^ are supposed to be the same. 

But, it will be observed, that the Winter rays, owing to their 

blique direction, are spread over nearly twice as much surface 

as those of Sunimgr. 

202. Itxmay, however, he remarked, that the hottest season 
18 not usually at the exact time of the year, when the Sun is 
roost vertical, and the days the longest, as is the case toward the 
end of June, but some time afterward, as in July and August. 

203. To account for this, it must be remembered, that when 
the Sun is nearly vertical, the Earth accumulates -more heat by 
day than it gives out at night, and that this accumulatiun con- 
tinues to increase after the days begin to shorten, and, conse-. 

auently, the greatest elevation of temperature is some time after 
le longest days. I^r the same reason, the thermometer' gen- 
erally indicates the greatest degree of heat at two or three 
o'clock on each day, and not at twelve o'clock, when the Sun's 
rays are most powerful. 

rtOURE OF THE EARTH. 

I 

204. Astronomers have proved that all the planets, together 
with their satellites,. have the shape of the sphere, or globe, and 
hence, by analogy, there was every re^ison to suppose that the 
Earth would be found of the same shape ; and several phe- 
nomena tend to prove, beyond all doubt, that this is its form. 
The figure of the Earth is not, however, exactly that of a globe, 
or ball because its diameter is about 34 miles less from pole to 
pole, than it is at the equator^ But that its general figure is 
that of a sphere, or ball, is proved by many circumstances. 

206. When one is at sea, or standing on the sea-shore, the 
first part of a ship seen at a distance, is its mast. As the vessel 
advances, the mast rises higher and higher above the horizon, 
and finally the hull, and whole ship, become visible. Now, 
were the Earth's suHbce an exact plane, no such appearance 

an. How te the actual difference of the Summer and Winter njB shown ? 902. 
Why is not the hottest season of the year at the period when the dare are longest, 
and the flun mopr yertical 1 203. How is thin nccountrd for ? 204. What is the veo* 
«ral figure of the Earth ? How much less is the diameter of the Earth at the pole* 
than at the equator 1 205. How is the oonyezity of ths Barth proTed, by the ap 
proach of a ithip at sea 1 Explain Fifi 251. 
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Spheroidal Form tf the Earth, 

would take place, for we should then see the hull long before 
the mast or rigging, because it is much the largest object. 

It will be plain by Fig, 251, that were the ship. A, elevated 
80 that the hull should be on a horizontal line with the eye, the 
whole ship would be visible, instead of the topmast, there being 
no reason, except the convexity of the earth, why the whole 
ship should not be visible at A, as well m at B. 

206. We know, for the same reason, that in passing over a 
hill, the tops of the trees are seen, before we can discover the 
ground on which they stand ; and that when a man approaches 
from the opposite side of a hill, his head is seen before his feet 

It is a well known fact also, that navigators have set out from 
a particular port, and by sailing continually westward, have 
passed around the Earth, and again reached the port from which 
liiey sailed. This could never happen, were the Earth an ex- 
tended plain, since then the longer the navigator sailed in one 
direction, the further he would be from home. 

Another proof of the spheroidal form of the Earth, is the 
figfure of its shadow on the Moon, during eclipses, which shadow 
18 always bounded by a circular line. 

These circumstances prove beyond all doubt, that the form of 
the Earth is globular, but that it is not an exact sphere ; and 
that it is depressed or flattened at the poles, is shown by the 
difference in the lengths of pendulums vibrating seconds at the 
poles, and at the equator. 

207. The compression of the^ Earth at the poles, and the 
consequent accumulation of matter at tBe equator, is considered 
the effect of its diurnal revolution, while it was in a soft or 
plastic state. If a ball of soft clay, or putty, be made to revolve 

206. What other proofs of the globular shape of the Earth are mentioned 1 207. 
How is th« fbrin ofthe Earth fllostrated by experiment 1 EzpUin the reason why a 
plastia ball wiL swell at the equator, when made to reTohrt. 
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r^ndly, bv meaiu (rf ■ stJcV pssaing throngh its cento.', m «b 
ftxis, it will swell out in the middle, or equator, and \.6 de- 
pressed at the poleis asBunriDsthe precise figure of the Eaitli. 

208, Cmtri/uffal force.— The effects of centriftjgal force an 
Terv BatJfif&ctonly illustrsted in the foUowiog mumer: — 

Two hoops of thin 
iron are placed upon 
an aids which passes 
through their poles, as 
shown by Fiff. 262. 
Hie two poles of each 
boop crow each other 
St- right-angles, and 
•re futened togeUier, 
and to the bkis at the 
bottom. At the up- 
per end they slide np 
Hid down on the axis, 
which 13 turned rap- 
idly by wheel-work as 
Kpteaented. These 
hoops, before the mo- 
tioD begins,- have an 
o*al form, but when 
turned rapidly, the 
oentrifiigal force occa- 
sions them to e^and, 
or swell at the equator, while tbey 
two polar regions becoming 




Dipnuims ^ Iht Fnla. 



depresEed at the poles, the 
distant than A and B. 

209. The weight of a body at the poles is found to be greater 
than at the equator, not only because the polee are nearer the 
center of the Earth than.the equator, but because the centrifii- 
gal force there tends to lessen its gravity. The wheels of ma- 
diinee, which revolve with the greatest rapidity, are made in 
the strangest mannw, othwwise ^ev will fly in pieces, the cen- 
trifugal force not only otereomiag the gravity, but the ooheuoa ' 
of their parts. 

210. It has been tSani, by calculation, that if the Earth 
Itimed over once in 84 minutes and 43 seconds, the centriliigal 
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force at the equator would be equal to the power of gravity 
there, and that bodies would entirely lose their weight. If the 
Earth revolved more rapidly than this, all the buildings, rocks, 
mountains, and men, at the equator, would not only lose their 
weight, but would fly away, and leave the Earth, as the water 
does from a revolving grindstone. 

BOLAK AND BIDBRIAL TIIU. 

211. The stars appear to go round the Earth in 23 hours, 
56 minutes, and 4 seconds, while the Sun appears to perform 
the same revolution in 24 hours, so that the stars gain 3 minutes 
and 66 seconds upon the Sun every day. In a year, this 
amounts to a day, or ti^ the time taken by the Earth to per- 
form one diurnal revolution. It therefore happens, that when 
time is measured by the stars, there are 366 days in the year, 
or 366 diurnal revolutions of the Earth; while, if measured by 
the Sun from one meridian to another, there are only 365 
•whole days in the year. The former are called the siderial, 
and the latter solar days. 

212. If the Earth had only a diurnal motion, her revolution, 
in respect to the Sun, would coincide exactly with the same 
revolution in respect to the stars ; but while she is making one 
revolution on her^axis toward the east, she advances in the 
same direction about one degree in her orbit, so that to bring 
the same meridian toward the Sun, she must make a little more 
than one entire revolution. 

213. IThus, the Earth must complete one revolution, and a 
portion of a second revolution, equal to the space she has ad- 
vanced in her orbit, in order to bring the same meridian back 
again to the Sun. This small portion of a second revolution 
amounts daily to the 365th part of her circumference, and 
therefore, at the end of the year, to one entire rotation, and 
hence, in 365 days, the Earth actually turns on her axis 366 
times. Thus, as one complete rotation forms a siderial day, 
there must, in the year, be one siderial, more than there are 
solar days, one rotation of the Earth, with re^ct to the Sun, 
being lost, by the Earth's yearly revolution. The same loss of 



211. The fitars appear to moTe round the Earth in less time than the Pun ; what 
does the difference amount to in a yearl What is the year measured by a star 
ealled 1 What is that measured by the Sun called 7 212. Had the Earth only a 
diurnal revolution, would the siderial and solar time agree 1 213. How many times 
does the Earth turn on her axis in a vear 1 Why does die turn more tUnea 
tlicre are days in the year 1 
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a dxj Iiappens to a trayel«r, who, in pasnn^ roand the Eaiib- 
to the west, reckons his time bj the rising and setting of the 
Sun. If he passes round toward the east, he will gain a daj 
for the same reason. 

SaUATION OF TUX. 

214. As the motioa of the Earth about its axis is perfectlj 
uniform, the siderial days are exactly of the same length, in au 
parts of the year. But as the orbit of the Earth, or the appa- 
rent path of the Sun, is inclined to the Earth's axis, and as the 
Earth moves with different velocities in dififerent parts of its 
(H'bit, the solar, or natural days, are sometimes greater and 
sometimes less than 24 hours, as shown by an accurate clock. 
The consequence is, that a true sun-dial, or noon mark, and a 
true time-piece, agree with each other only a few times in a 
year. The difference between the sun-dial and clock, thus 
shown, is called the equation of time, 

215. The difference between the Sun and a well regulated 
clock, thus arises from two causes, the inclination of the Earth's 
axis to the ecliptic, and the elliptical form of the Earth's orbit. 

That the Earth moves in an ellipse, and that its motion is 
more rapid sometimes than at others, as well as that the Earth's 
axis is inclined to the ecliptic, have already >been explained and 
illustrated. It remains, therefore, to show how these two com- 
bined causes, the elliptical form of the orbit, and- the inclination 
of the axis, produce the disagreement between the Sun and 
dock. 

MEAN TIME. 

216. Equals or mean time, is that which is reckoned by a 
dock, supposed toindioate exactly 24 hours, from 12 o'clock on 
one day, to 12 o'clock on the next day. Apparent time, is 
that which- is measured by the apparent motion of the Sun in 
the heavens, as indicated by a meridian line, or sun-dial. 

217. Were the Earth's orbit a perfect drcle, and her axis 
perpendicular to the plane of this orbit, the days would be of a 
uniform length, and there would be no difference between the 
clock a^d the i un : both would indicate 12 o'clock at the same 

— Ip^ , , ; 

214. Wht are the solar days sometimes greater, and sometimes less, thao 21 
hours? Wnat ts the diflference between the time of a sun-dial aud clock called ? 215. 
"What are the caiitws of the differeoce between the Sun and clock. 216. What is 
meant by equal, of mean timel 217. Were the Earth's orbit a perfect circle, and 
aer-aids perpendicular to its plane, what would be the effect on t.im<> 1 ' 
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thne, on every day in the year. But on account of the inclina- 
tion of the Earth's axis to the ecliptic, unequal portions of the 
.Soil's apparent path through the heavens will pass any meridian 
in equal times. 

218. Thus the elliptical form of the Earth's orbit, her unequal 
motions and the inclination of her axis, would prevent the 
agreement of the Sun and clock, except when the Earth is ai 
the greatest distance from the Sun, which is on the 1st of July, 
and when she is at the least distance, which is on the 1st of 
January. From these causes the Sun would be faster than the 
clock, from the Ist of July to. the 1st of January, and then 
slower than the clock, from the 1st of January to the Ist of 
July. 

Now these two causes, which result from sources which can 
not be here explained, counteract each other, so that the Sun 
and clock agree only when they coincide, or balance each other, 
which takes place, on, or about the 15th of April, the 15th of 
June, the Slst of August and the 24th of December. 

On these days the Sun and clock, keeping exact time, coin- 
cide, or as the Almanac says, are even. 

219. The greatest differences between the Sun and clock, are 
on the 1st of November, when the clock is 16^- minutes too 
£Ei8t, and on the 10th of February, when it is 14 minutes too 
slow. 

THE MOON. 

220. While the Earth revolves round the Sun, the Moon 
revolves round the Earth, completing her revolution once in 2*1 
days, 7 hours and 43 minutes, and at the distance of 240,000 
miles from the Earth. The period of the MoorCs change, that 
is, from new Moon to new Moon again, w 29 days, 12 hours^ 
and 4:^ minutes, 

221. The time of the Moon's revolution round the Earth is 
called her periodical nionth ; and the time from change to 
ciiange is called her synodical month. If the Earth had no an- 
riifel motion, these two periods would be equal, but because the 
Eai th goes forward in her orbit, while the Moon goes round 
the Earth, the Moon must go as much further, from change to 
change, to make these periods equal, as the Earth goes forward 

218 What prevents the agreement of the Sun and clock! When do the Sun and 
clock agree 1 219. Wtien do they difTer most 1 230. What is the period of the Moon'g 
reTolotion round the Earth ) 'What is the period from new Moon to new Moon 
•gain 1 221. What are these two periods called t Why are not the periodical ■»<* 
synodical months equal 1 
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during that time, whidi is more than the twelfth part of her 
orbit, there being more than twelve lunar periods in the year. 

222. Illustration by the Hands of a Watch, — These two 
revolutions may be £umliarlj illustrated by the motions of the 
hour and minute hands of a watch. Let us suppose the 12 
hours marked on the dial plate of a watch to represent the. 12 
signs of the zodiac through which the Sun seems to pass in his 
yearly revolution, while the hour hand of the watdi represents 
the Sun, and the minute hand the Moon. Then, as the hoiir 
hand goes around the dial plate once in 12 hours, so the Sun 
apparently goes around the zodiac once in twelve months ; and 
as the minute hand makes 12 revolutions to one of the hour 
hand, so the Moon makes 12 revolutions to one of the Sun. 
But the Moon, or minute hand, must go more than once round, 
from any point on the circle, where it last came in conjunction 
with the Sun, or hour hand, to overtake it again, since the hour 
hand 'will have moved forward of the place where it was last 
overtaken, and consequently the next conjunction must be for- 
ward of tiie place where the last happened. During an hour, 
the hour hand describes the twelfth part of the circle,^ but the 
minute hand has not only to go round the whole circle in an 
hour, but also such a portion of it as the hour hand has moved 
forward since they last met. Thus, at 12 o^clock, the hands are 
in conjunction ; Uie next conjunction is 5 minutes 27 seconds 
past I o'clock; the next, 10 min. 54 sec. past II o'clock; the 
third, 16 min. 21 sec. past III; the 4th, 21 min. 49 secw past 
IV ; the 5th, 27 min. 10 sec. past V ; the 6th, 32 min. 43 sec. 
past VI ; the 7th, 38 min. 10 sec. past VII ; the 8th, 43 min. 
38 sec. past VIII; the 9th, 49 min. 6 sec past IX; the 10th, 
54 min. 32 sec, past X ; and the next conjunction is at XIL 
* 223. The same principle is true in respect to the Moon ; for 
as the Earth advances iu its orbit, it takes the Moon 2 days, 5 
hours and 1 minute longer to come again in conjunction with 
the Sun, than it does to make Her monthly revolution round 
the Earth ; and this 2 days 5 hours and 1 minute being added 
to 27 days 7 hours and 43 minutes, the time of the periodical 
revolution, makes 29 days 12 hours and 44\minute8, lie period 
of her synodical revolution. 

224. We only see one Side of the Mo<m,f^^Q Moon always 
: T — I 

28S. How are these two revolutions of the Moon illuetrateclby the two handp of a 
watch ? Mention the time of several conjunctions hctweeA ^^® '^^ hands of a 
watch. 223. How much longer does it take the Moon to comf again in conjunction 
with the Sun, than it does to perform her periodical revoliffionl 224 dow is It 
wroved that the Moon makes bat one revolution on her axis, asv^e passes around ihii 
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presents the same side, or fiioe, toward the Earth, and hence it 
IS evident that she turns on her axis but once, while she is per- 
forming one revolution round the Earth, so that the inhabitants 
of the Moon have but one day and night in the course of a 
lunar month. 

225. One half of 4he Moon is never in £he dark, because 
when this half is not enlightened by the Sun, a strong light is 
reflected to her from the Earth, during the Sun's absence. 
The other half of the Moon enjoys alternately two weeks of the 
Sun's light, and two weeks of total darkness. 

Phases of the Moon. — One of the most interesting circum- 
' stances to us, respecting the Moon, is the constant changes 
which she undergoes, in her passage around the Earth. When 
she first appears, a day or two after her change, we can see ' 
only a small portion of her enlightened side, which is in the 
form of a crescent ; and at this time she is commonly called 
new Moon. From this period she goes on increasing, or show- 
ing more and more of her face, every evening, until at last she 
becomes round, and her face is fully illuminated. She then 
begins again to decrease, by apparently losing a small section 
of her ^ce, and the next evening another small section from 
the same part, and so on, decreasing a little every day, until she 
entirely disappears ; and having been absent a day or two, re- 
appears in the form of a crescent, or new Moon, as before. 

220. When the Moon disappears, she is said to be in row- 
junction, that is, she is in the same direction from us with the 
Sun. When she is full, she is said to be in opposition, that is, 
she is in that part of the heavens opposite to tiie Sun, as seen 
by us. 

227. The different appearances of the Moon from new to full, 
and from full to change, are owing t6 her presenting different 
portions of her enlightened surface toward us at different times. 
These appearances are called phases of the Moon, and are easily 
accounted for, and understood by the following figure. 

228. Let S, Fig. 253, be the Sun, E the Earth, and A, B, 0, 
D, F, the Moon in different parts of her orbit. Now when the 
Moon changes, or is in cohjunodon with the Sun, as at A, her dark 
side is turned toward the Earth, and she is invisible, as repre- 



2S25. One half of the Moon is never in the dark ; explain why this is so. How long 
Is the day and night at the other half? How is it shown that the Mcon shines only 
by reflected llfht 1 226. When is the Moon said to be in conjanctioii with the Sun, 
and wiien in opposition to the Sun ? 227. What are the phases of the Moon 1 22S 
Describe F\g. ^, and show bow the Moon passes from change to full, and urom 
fall to change. |^* 
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Pha§e» of the Moon, 

Bented at a. The Sun always shines on one half of the Moon, 
in every direction, as represented at A and 6, on the inner 
eircle^ but ^e at the Earth can see only such portions of the 
enlightened part as are turned toward us. After her change, 
when she has mored from A to B, a small part of her illumi- 
nated side comes in sight, and she appears horned, as at 5, and 
is then called the new Moon. When she arrives at C, several 
days afterward, one half of her disc is visible, and she appears 
as at e, her appearance being the same in both circles. At this 
point she is said to be in her first quarter, because she has 
passed through a quarter of her orbit, and is 90 degrees firom 
the place of her conjunction with the Sun. At D, she shows us 
still more of her enlightened side, and is then said to appear 
ffibbotUy as at di When she comes to F, her whole enlightened 
Bide is turned toward the Earth, and she appears in all the 
splendor of the full Moon. During the other half of her revo- 
lution she daily shows less and less of her illuminated side, 
until she again becomes invisible by her conjunction with the 
Sun. Thus in passing from her conjunction a, to her full e, the 
Moon appears every day to increase, while in going from her 
full to her conjunction again, she appears to us constantly to 
decrease, but as seen from the Sun, she appears always full. 

229. How the Earth appears at the Moon, — ^The earth, seen 
by the inhabitants of the Moon, exhibits the same phases thai 

««!?^' ^^^^ IB said concerning the phases of the Earth, as seen from the Moon) 
When does the Earth appear full at the Moon 1 
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the Moon does to us, but in a contrary order. When the Moon 
is ill her conjunction, and consequentlj invisible to us, the 
Earth appears full to- the people of the Moon, and when the 
Moon is full to us, the Earth is dark to them. 

230. The Earth shines upon the Moon. — That the Earth 
chines upon the Moon, as the Moon does upon us, is proved by 
the fact that- the outline of her disc may be seen, when only a 
part of it is enlightened by the Sun. Thus when the sky is 
clear, and the Moon only two or three days old, it is not un- 
<x)inmon to see the brilliant new Moon, with her horns enlight- 
ened by the Sun, and at the same time the old Moon faintly 
illuminated by reflection from the Earth. This phenomenon is 
sometimes called " the old Moon in the new Moon's arms." 

231. It was a disputed point among former astronomers, 
whether the Moon has an atmosphere ; but the more recent 
discoveries have decided that she has an atmosphere, though 
there is reason to believe that it is much less dense than ours. 

232. Surface of the Moon. — When the Moon's surface is 
examined through a telescope, it is found to be wonderfully 
diversified, for besides the dark spots perceptible to the naked 
eye, there are seen extensive valleys, and long ridges of highly 
elevated mountains. 

Some of these mountains, according to Dr. Herschel, are 4 
miles high, while hollows more than three miles deep, and 
almost exactly circular, appear excavated on tlie plains. As- 
tronomers have been at vast labor to enumerate, figure, and de- 
scribe the mountains and spots on the surface of the Mood, so 
that the latitude and longitude of about 100 spots have been 
ascertained, and their names, shapes, and relative positions given. 
A still greater number of mountains have been named, and 
their heights and the lengths of their bases detailed. 

233. The deep caverns, and broken appearance of the Moon's 
surface, long since induced astronomers to believe that such 
eifects were produced by volcanoes, and more recent discoveries 
have seemed to prove that this suggestion was not without 
foundation. 

BCUFSI8. 

234. Every planet and satellite in the Solar System^ is U- 
luminated by the Sun, and hence they cast shadows in the di- 

230. How is it known that the Earth ahines apon the Mood, a^ th« Moon doM upon 
asl 231. What is said concerning the Moon's atmosphere 1 232. How »««•»» — 
some of the mountains, and how deep the caverns of the Moon 1 233. V^ 
concerning the Toieanoes of the Moon 1 234. What fai a lanart tntt r 

♦•elipfiel 
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reethm opposite to him, just as the shadow of a man reojche^ 
from the Sun, 

236. Eclipses, what. — Eclipses are of two kinds, namely 
Lunar, an eclipse of the Moon, and Solar, an eclijjse of the 
Sun. The first is occasioned by the shadow of the Earth on 
the Moou, and the second by the shadow of the Moon on the 
Earth. 

Hence, in both cases, the two planets and the Sun must be in 
nearly a straight line with respect to each other. In eclipses 
of the Moon, the Earth is between the Sun and Moon ; and in 
eclipses of the Sun, the Mx)on is between the Earth and Sun. 

LUNAR ECLIPSES. 

236. When the Moon falls into the shadow of the JSnrth, 
the rays of the Sun are intercepted, or hid from her, and she 
then becomes eclipsed. 

When the Earth's shadow covei-s only a part^of her face, as 
seen by us, she suifers only a partial eclipse, one part of her 
4isc being obscured, while the other part reflects the Sun's light* 
But when her whole surface is obscured by the Earth's shadow, 
the then sufiers a total eclipse, and of a duration proportionate 
(o the distance she passes Uirough the Earth's shadow. 

FIG. 254. 




EcKpae of the Moon. 

• 

287. J**iff. 264 represents a total lunar eclipse; the Moon 
being in the midst of the Earth's shadow. Now it will \)e ap- 
parent that in the situation of the Sun, Earth, and Moon, as 
represented in the figure, this eclipse will be visible from all 
parts of that hemisphere of the Earth which is next the Moon, 
ai^d that the Moon's disc will be equally obscured, from what- 
ever point it is seen. When the moon passes through only a 



236. What occas'onfi the Innar. and what the solar eeltppe? 236 WftRf if> inraal 
DT a partial, and what bv a total eclipse 1 237. Why is the same eclipse total at ont 
place, and only partial at another 1 • 
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pert of the EartH's shadow, then she suffers only a partial 
eeh'pse, but this is also visible from the whole hemisphere next 
the Moon. It will be remembered that lunar eclipses happen 
only at full Mood, the Sun and Moon being in opposition, and 
the £arth between them. 

BOLAR ECUPBBS. 

238. When the Moon passes between the Earth and Sun, 
there happens an eclipse of the Sun, because then the MoofrCs 
shadow falls upoln, the Earth, 

239. A tot^ eclipse, of the Sun happens often, but when it 
occurs, the total obscurity is confined to a small part of the 
Earth ; since the dark portion of the Moon's shadow never ex- 
ceeds 200 miles in diameter on the Earth. But the Moon's 
partial shadow, or penumbra, may cover a space on the Earth 
of more than 4,000 miles in diameter, within all which space 
the Sun will be more or less eclipsed. When the penumbra 
first touches the Earth, the eclipse begins at that place, and 
ends when the penumbra leaves it. But the eclipse will be 
total only where the dark shadow of the Moon touches* the 
Earth. 

FIG. 256. 




Edipae of the Am. 

Eiff. 255, represents an eclipse of the Sun, without regard to 
the penumbra, that it may be observed how small -a part of the 
Earth the dark shadow of the Moon covers. To those who 
live within the limits of this shadow, the eclipse will be total, 
while to those who live in any direction around it, and within 
reach of the penumbra, it will be only partial. 

240. Solar eclipses are called annular, from annulus, a ring, 

/ 

238 Why is a total eclipse of the Snn confined to bo email a part of the Earth 1 
239 'What is meant by penumbra? What will be the difTerence m the aniect ofXne 
ecl»p*8«-. whether th*- observer Ftandp w-fhin the dark shadow, or only within the pe- 

{lumbra f 240 What in meant bv annular eclipses 1 Are annular eclipses ever total 
D aiiy part of ihe Earth? In annular ecUpses, what part of the Moon'a 8b»'<'^~ 
reachea the Earth ) 
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when the Moon passes acroM the center of the Snn, hiding aO 
his li^ht, with the exception of a ring on his outer edge, which 
the Moon ii^ too small to cover fVom the position in which it is 
seen. 

241. Umbra and Penumbra. — A solar eclipse, with the pc' 
numbraj or light and shadow, D C, and the umbra, or dark 
shadow, O, is seen in Fig, 256. 

When the Moon is at its greatest distance from the Earth, its 
shadow M O, sometimes terminates before it reaches the £arth, 
and then an observer standing directly under the point O, will 
see the outer edge of the Sun, forming a bright ring around the 
drcumferenoe of the Moon, thus forming an annular eclipse. 

FIG. 256. 




Umbra and Penumbra, 

* The penumbra D C, is only a partial interception of the Sun^s 
rays, and in annular eclipses it is this partial shadow only which 
reaches the Earth, while the umbra, or dark shadow, terminates 
in the air. Hence ai^nular eclipses are never total in any part 
of the Earth. The penumbra, as already stated, may cover 
more than 4,000 miles of space, while the umbra never covers 
more than 200 miles in diameter; hence partial eclipses of the 
Sun may be seen by a vast number of inhabitants, while com- 
paratively few will witness the total eclipse. 

242. Wlien there happens a total solar eclipse to us, we are 
eclipsed to the Moon, and when the Moon is eclipsed to us, an 
eclipse of the Sun happens to the Moon. To the Moon, an 
eclipse of the Earth can never be total, since her shadow covers 
only a small portion of the Earth's surface. Such an eclipse, 
therefore, at the Moon, appears only as a dark spot on the face 
of the Earth ; but when ^^ Moon is eclipsed to us, the Sun is 

gartially eclipsed to the Moon for several hours longer than th<i 
[oon is eclipsed to us. 

941 . What do peoumbra, and umbra, mean 1 2tt2. What te said concerniDf eeBpaea 
of the Earth, as aetfi from the Moon 1 
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243. The ebbing and flawing of the moy which rtffularljf 

takes place ttoice in 24 hours^ are called the tidee. 

244. The cause of the tides, is the attraction of the Sao and 
Moon, but chieflj of the Moon, on the waters of the ocean. Jo 
virtue of the universal principle of gravitation, heretofore ez- 
] ined, the Moon, by her attraction, draws, or raises the wat4»r 

rd her, but because the power of attraction dimini&hes &» 
squares of the distances increase, the waters, on the oppo- 
site side of the Earth, are not so mudi attracted as they ar^ oo 
the side nearest the Moon. 

245. The want of attraction, together with the greater cen- 
trifugal force of the Earth on its opffosite side, produced in coo- 
sequence of its greater distance from the common center of 
gravity, between the Earth and Moon, causes the waters to rise 
Dn the opposite side, at the same time that they are raised by 
direct attraction on the side nearest the Moon. 

Tlius the waters are constantly elevated on the sides of the 
Earth opposite to each other above their common level, and 
consequently depressed at opposite points eqnally distant from 
these elevations. 

no. 2S7. 





VbutratSam tf the Tidm. 

246. Let M, Fig. 257, be the Moon, and E the Earth, corer*^ 
with water. As the Moon passes rouid the Earth, its solid 
and fluid parts are equally attracted by her iofluence acoordint^ 
to their densities ; but while the solid parts are at lib«nv to 
move only as a whole, the water obeys the slightest impulvi, 
and thus tends toward the Moon where her attraction is tlie 
strongest Consequently, the waters are perpetnallv elevated 
immediately under the Moon. 

247. I^ therefore, the Earth stood still, the influenc« of the 



943. What are tb« tides 1 944. WlwttatlM eanworntelfatel 
ttie tide to nee on the aide oftbe Eartb oppoaite totbe Mooo ? MS. 
247. If the Earth atood atiO. the tidca wooUriae ooIt aa the Jfooa 
Earth; what then eanaeatha tide* to raatwiee in 91 boon 1 
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Moon's attraction would raise the tides only as she passed round 
the Earth. But as the Earth turns on her axis every 24 hours, 
and as the waters nearest the Moon, as at A, are constantly 
elevated, they will, in the course of 24 hours, move round the 
whole Earth, and consequently from this cause there will be 
high water at every place once in 24 hours.. As the elevation 
of the waters under the Moon causes their depression at 90 de* 
gress distance on the opposite sides of the Earth, D and C, the 
point C will come to the* same place, by the Earth's diurnal 
revolution, six hours after the point A, because C is one quarter 
of the circumference of the Earth from the point A, and there- 
fore, there will be low water at any given place six hours after 
it was high water at that place. 

248. But while it is high water under the Moon, in conse- 
quence of her direct attraction, it is also high water on the op- 
posite side of the Earth in consequence of her diminished 
attraction, and the Earth's centrifugal motion, apd therefore it 
will be high water from this cause twelve hours aft«r it was high 
water from the former cause, and six hours afl:er it was low 
water from both causes. 

249. But while the Earth turns on her axis, the Moon 
advances in her orbit, and consequently any given point on the 
Earth will not come under the Moon on one day so soon as it 
did on the day before. For this reason, high or low water at 
any place comes about fifty minutes later on one day than it 
did the day before. ' ^ 

Thus far we have considered no other attractive influence ex- 
cept that of the Moon, as affecting the waters of the ocean. 
But the Sun, as already observed, has an eflect upon the tides, 
though on account of his gfeat distance, his influence is smaU 
when compared with that of the Moon. 

260. When the Sun and Moon are in conjunction, as repre- 
sented in Fig, 257, which takes place at her change, or when 
they are in opposition, which takes place at ftill Moon, then 
their forces are united, or act on the waters in the same direc- 
tion, and consequently the tides are elevated higher than usual, 
and on this account are called spring tides. 

251. I^eap Tides, — But when the Moon is in her quadra- 
tures, or quarters, the attraction of the Sun tends' to counteract 

248. When it is hi^h water under the Moon by her attraction, what is the eanse of 
btKh water on the opposite side of the Earth, at tlie same time'* 249. Why are tha 
tjdea about fifty minutes later every day? 250. What produces apnng tides 1 
Where must the Moon be in respect to the Sun, to produce spriag idesi 251. 
WhatiatheoccasioBofneaptides^ ' 
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that of the Moon, and although his attraction does not elevate 
the waters and produce ddeSf his influenco diminishes that of 
the Moon, and consequently the elevation of the waters are less 
when the Sun and Moon are so situated in respect to each other, 
than when they are in conjunction or opposition. 

This effect is represented by Fig, 258, where the elevation 
-of the tides at C and D is produced by the causes already ex- 
plained ; but their elevation is not so great as in Fig, 257, since 
the influence of the Sun acting in the direction A B, tends to 
counteract the Moon^s attractive influence. These small tides 
are called neap tides^ and happen only when the Moon is in her 
quadratures. 

FIO. 2S& 




SmaU, or Neap Tide», 




The tides are not at their greatest heights at the time when 
the Moon is at its. meridian, but some time afterward, because 
the water, having a motion forward, continues to advance by its 
own inertia, some time after the direct influence of the Moon 
has ceased to affect it 



LATITUDE AND LONGITUDE. 



252. Latitude is the distance from the equator in a direct 
lin£y north or south, measured in degrees and minutes. 

The number of degrees is 00 nor^, and as many south, each 
line on which these degrees are reckoned running from the 
equator to the poles. Places at the north of the equator are in 
north latitude, and those south of the equator are in south lat- 
itude. The parallels of latitude are imaginary lines drawn 
parallel to the equator, either north or south, and hence every 
place situated oh the same parallel, is in the same latitude be- 

282. What is latitude ? Bow many degrees of latituds are there 1 How far do the 
Jloetof latitude extend 1 What is meant by north and soath latitude 1 What are 
the partUeis of latitude 1 
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FIG. 259. 



cause ereiy sncb place must be at the same distance from the 
equator. The length of a degree of latitude is eoTgeographical 
mile.>. • 

253. Longitude is the distance measured in degrees and mii^- 
uteSy either east or toes t, from any given point on the equator y or 
on any parallel of latitude. Hence the lines, or meridians of 
longitude, cross those of latitude at right- angles. The degrees 
of longitude are 180 in number, its Hues extending half a cirde 
to the east, and half a circle to the west, from any given me- 
ridian, so as to include the whole circumference of the Earth. 
A degree of longitude, at the equator, is of the same length as 
a degree of latitude, but as the poles are approached, the de- 
grees of longitude diminish in length, because the Earth grows 
smaller in circumference from the equator toward the poles; 
hence the lines surrounding it become less and less. This will 
be made obvious by Fig. 259. 

Let this figure represent the 
Earth, N being the north pole, 
S the south pole, and E W the. 
equator. The lines 10, 20, 30, 
and so on, are the parallels of 
latitude, and the lines N a S, N 
b S, d^c, are meridian lines, or 
those of longitude. 

The latitude of any place on 
the globe, is the number .of de- 
grees between that place and 
&e equator, measured on a me- 
ridian line; thus, x is in lati- 
tude 40 degrees, because the x 
g part of the meridian contains 
40 degrees. The longitude of a place is the number of degrees 
it is situated east or west from any meridian hue ; thus, v is 20 
degrees west longitude from x^ and x is 20 degrees east longi- 
tude from V. 

254. As the equator 'divides the Earth into two equal parts^ 
or hemispheres, there seems to be a natural reason- why the de- 
grees of latitude should be reckoned from this great circle. Bat 




ParaUtiM of Longitude. 



2S3. What is loDiritude 1 How many degrees of longitude are there, east or west;! 
What is the latitude of any place ? What is the longitude of a'place 1 254. Why arv 
•he degrees of latitude reekooed from the equator? What is said conceroiiig tha 
Dlaces from which tl^e degrees of longitude have been reckQued 1 What is the in- 
eonrenience of estimating longitude from a place in each country 1 From what 
place is longitude reckoned in Europe and America 1 
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from east to west there is no natural division of the Earth, each 
meridian line being a great circle, dividing the Earth into two 
hemispheres, and hence there is no natural reason why longi- 
tude "should be reckoned from one meridian any more than an- 
other. It has, fherefore, been customary for writers and mar- 
iners to reckon longitude from the capital of their own country ; 
as the English from London, the French from Paris, and the 
Americans from Washington. But this mode, it is aj)parent, 
must occasion much confusion, since each writer of a different 
nation would be obliged to correct the longitude of all other 
countries, to make it agree with his own. More recently, there 
fore, the writers of Europe and America have selected the royal 
observatory, at Greenwich, near London, as the first meridian, 
and on most maps 'and charts lately published, longitude is 
reckoned froth that place. 

^5. How Latitude is Found. — The latitude of any place is 
determined by taking the altitude of the Sun at mid -day, and 
then subtracting this from. 90 degrees, making proper allow- 
ances for the Sun's place in the heavens. The reason of this 
will be understood, when it is considered that the whole num- 
ber of degrees from the zenith to the horizon is 90, and there- 
fore if we ascertain the Sun's distance from the horizon, that is, 
his altitude, by allowing for the Sun's declination north or south 
of the equator, and subtracting this from the whole number, the 
latitude of the place will be found. Thus, suppose that on the 
20th of March, when the Sun is at the equator, his altitude 
from any place north of the equator should be found to be 48 
degrees above the horizon ; tiiis, subtracted from 90, the whole 
number of the degrees of latitude, leaves 42, which will be the 
latitude of the place where the observation was made. 

256. If the Sun, at the time of observation, has a declination 
north or south of the equator, this declination must be added 
to, or subtracted from, the meridian altitude, as the case may 
be. For instance, another observation being taken at the place 
•where the latitude was found to be 42, when the Sun had a 
declination of 8 degrees north, then his altitude would be 8 de- 
grees greater than before, and therefore 56, instead of 48. 
JTow, subtracting this 8, the Sun's declination, from 56, and the 
remainder from 90, and the latitude of the f lace will be found 
42, as before. If the Sun's declination be south of the equator, 



256. How is the latitude of a place determined 1 Give an example of the method 
of fiuJing the latitude of the same pMtee at diflferent seasona of the yearl 256 When 
most the Sun's declination from the equator be added to, and when subtracted froai,. 
hii meridian altitude 1 
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and the Iatitade*of the place north, his d^mation mmi Ve 
added to the meridian altitude instead of being subtracted froiB 
it The same result may be obtained by taking the meridiaa 
altitude of any of the fixed stars, whose declinations are known, 
nstead of the Sun's, and proceeding as above directed. 

257. How Longitude i» Found. — ^There is more difficulty in 
ascertaining the degrees of longitude, than those of latitude^ 
because, as above stated, there is no fixed point, like that of tlie 
equator, from whidi its degrees are reckoned. The de^^es of 
longitude are therefore estimated from Greenwich, and are as- 
certained by the following methods : — 

258. When, the Sun comes to the meridian of any ]:daoe, it 
is noon, or 12 oVIock, at that place, and therefore, since the 
equator is divided into 360 equal partS) or degrees, and ^^ince 
the Earth turns on its axis once in 24 hours, 15 degrees of the 
equator will correspond with one hour of time,- for 360 degrees 
beii^ divided by 24 hours, will give 15. The Earth, therefore, 
moves in her daily revolution, at the rate of 15 degrees for 
every hour of time. Now, as the apparent course of the Sun is 
from east to west, it is obvious that he will come to any me- 
ridian lying east of a given place, sooner than to one lying west 
of that place, and therefore it will be 12 oVlock to the east of 
any place, sooner than at that place, or to the west of it. 

259. When, Uterefore, it is noon at any one place, it will be 
1 o'clock at all places 15 degrees to the east of it, because the 
Sun was at the meridian of such places an hour before ; and so^ 
on the contrary, it will be 11 oVlock, 15 degrees west of the 
same place, because the Sun has «till an hour to travel bdbre 
he reaches the meridian of that place. It makes no difference, 
then, where the observer is placed, since, if it is 12. o'clock 
where he is, it will be 1 oVlock 15 degrees to the east of him, 
and 11 o'clock 15 degree to the west of him, and so in this 
proportion, let the time be more or less. Now, if- any celestial 
phenomenon should happen, such as an eclipse of the Moon, or 
of Jupiter's satellites, the difference of longitude between two 
places where it is observed, may be determined by the difier- 
ence of the times at which it appeared to take place. Thus, if 
the Moon enters the Earth's shadow at 6 o'clock in the evening 
as seen at Philadelphia, and at half past 6 o'clock at another 

.p*»»— — *» ■ 1 1. 1. 1 1 1 1 .11 III I f ■ 

267. Why is there more difBcalty in aacertaining tbe degrees of longltode than of 

•atitude 1 258. How many degrees of longitude does the surface of the Earth paaa 

vhroujrh in an hour? 259. Suppose it is noon at any giren place, what o*cfock will 

it be fifteen degrees to the east of that place ? Explain the reason How may 1oq|^ 

* tttde be determined by an eclipse 1 
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place, {hen this place is half an hour, or li degrees, to the east 
of Philadelphia, because H degrees of longitude are equal (o 
halfi&n hour of time. To apply these observations practically, 
it is only necessary that it should be known exactly at what 
time the eclipse takes place at a given point on the £arth. 

260. U8£ OF THE Chronometer. — Suppose two chronome- 
ters, which are known, to go at exactly the same rate, are made 
to indicate 12 o'clock by the meridian line at Greenwich, and 
the one be taken to sea, while the other remains at Greenwich. 
Then suppose the captain, who takes his chronometer to sea, has 
occasion to know his longitude. In the first place, he ascer- 
tains, by an observation of the Sun, when it is 12 o'clock at 
the place where he is, and then by his time-piece, when it is 
12 oVlock at Greenwich, and by allowing 16 degrees for every 
hour of the difference in time, he will know his precise longi- 
tade in any part of the world. 

261. For example, suppose the captain sails with his chro- 
nometer for America, and after being several weeks at sea, finds 
by observation that it is 12 o'clock by the Sun, and at the same 
tkne finds by his chronometer, that it is 4 o'clock at Greenwich. 
Then, because it is noon at his place of observation after it is 
noon at Greenwich, he knows that his longitude is west from 
Greenwich, and by allowing 15 degrees for every hour of the 
difference, his longitude is ascertained. Thus, 15 degrees, mul- 
tiplied by 4 hours, give 60 degrees of west longitude from 
Greenwich. If it is noon at the place of observation, before it 
is noon at Greenwich, then the captain knows that his longitude 
is east, and his true place is found in the same manner. 

FIXED STARS. 

262. Tlie 8tar9 are coiled fixed, because they have been ob- ^ 
served not to change their places with respect to each other. 
They may be distinguished by the naked eye from the planets 
of our system by their scintillations, or twinkling. The stars 
are divided into classes, according to their magnitudes, and are 
called stars of the first, second, and so on to the sixth magni- 

200l Explain theprioeiples oo which longitude is determined Inr the chronometer 
'SSl. Siipptwe the captain finds by hia chronometer that it is'lSoVlock where he ia 
t honrs iaier than at Greenwich, what then woald be his longitude 1 Suppose he 
fiiidn it to be 12 o'clock 4 hours earlier where he is. than at Greenwich, what then 
would be his longitude 7 262. Why are the stars called fixed ? How may the start 
be distinguished from the planets ? The stars are divided into classes, according to 
their maguirudes ; how many classes are there 1 How manv stars may be seeo 
with the naked eye in the whole firmament 1 
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tade. About 2,000 stare may be seen with the naked eye io 
the whole vault of the heavens, though only about 1,000 are 
above the horizon at the same time. Of these, about 1 7 are of 
the first magnitude, 50 of the second magnitude, and 150 of the 
third magnitude. The others are of .the fourth, fifth, and sixth 
magnitudes, the last of which are the smallest that can be dis- 
tinguished with the naked eye. 

263. It might seem incredible, that on a clear night only 
about 1,000 stars are visible, when on a single glance at the 
diffeient parts of the finnament, tbeir numbere appear innumer- 
able. But this deception arises from the confused and hasty 
manner in which they are viewed ; for if we look steadily on a 
particular portion of sky, and count the stare contained within 
certain limits, we shall be surprised to find their number so few. 

264. The nearest fixed stare to our system, from the most 
accurate astronomical calculations, can not be nearer than 
20,000,000,000,000, or 20 trillions of miles from the Earth, a 
distance so immense, that light can not pass through it in less 
than three yeare. Hence, were these stare annihilated at the 
present time, their hght would continue to flow towa?3^ us, and 
they wotdd appear to be in the same situation to us, three yean 
hence, that they do now. 

265. Our Sun, seen from the distance of the nearest fixed 
stars, would appear no larger than a star of the firet magnitude 
does to us. These stare appear no larger to us, when the Earth 
is in that part of her orbit nearest to Uiem, than they* do, when 
she IS in the opposite part of her orbit ; and as our distance 
from the Sun is 95,000,000 of miles, we must be twice this 
distance, or the whole diameter of the Earth's orbit, nearer a 
given fixed star at one period of the year than at another. The 
difference, therefore, of 190,000,000 of miles, beare so small a 
proportion to the whole distance between us and the fixed stars, 
as to make no appreciable difference in their sizes, even wjien 
assisted by the most powerful telescopes. 

266. The amazing, distances of the fixed stare may also be 
inferred from the return of comete to our system, after an ab- 
sence of several hundred yeare. 

The velocity with which some of these bodies move, when 

42B3. Why does there appear fo be more stars than there reallr are 1 264. What is 
the convputed distance or the nearest fixed stars from the Earth ? How long would 
It take hffbt to reach us from the fixed stars 1 265. How large would our San ap- 
pear at the distance of the fixed stars 1 What is said concerning the difference of tba 
aistaoce between the Earth and the fixed stars at different seasons of the je«r, and 
of tbeir different appearance in conseqnpnoe? 266. How may the distancea of tha 
fixed stars be inferrfd, by the long abet nee and return of comets 1 
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nearest the Sun, has been computed at nearly a million of miles 
in an hour, and aldiough their velocities must be perpetually 
retarded, as they recede from the Sun, still, in 250 years of 
time, they must move through a space which to us would be 
infinite. The periodical return of one comet is known to be 
upward of 500 years, making more than 2^0 years in perform- 
ing its journey to the most remote part of its orbit, and as 
many in returning back to our system ; and that it must still 
always be nearer our system than the fixed stars, is proved by 
its return ; for by the laws of gravitation, did it approach nearer 
another system it would never again return to oure. 

267. From such proofs of the vast distances of the fixed stars, 
there can be no doubt that they shine with their own light, 
like our Sun, and hence the conclusion that they are Suns to 
other worlds, which move around them, as the planets do around 
our Sun. Their distances will, however, prevent our ever 
knowing, except by conjecture, whether this is the case or not, 
since, were they millions of times nearer us th^n they are, we 
should not be able to discover the reflected light of their planets 

COMETS. 

268. Besides the planets, which move round the Sun in reg- 
ular order and in nearly circular orbits, there belongs to the 
solar system an unknown number of bodies called Comets^ which 
move round the Sun in orbits exceedingly eccentric, or elliptical, 
and whose appearance among our heavenly bodies is onlyocca- 
sional. Comets, to^ the naked eye, have no visible disc, but 
shine with a faint, glimmering light, and are accompanied by a 
train or tail, turned from the Sun, and which is sometimes of 
immense length. They appear in every region of the heavens, 
aud move in every possible direction. 

269. Number and Periods of Comets. — The number of 
comets is unknown, though some astronomers suppose that 
there are nearly 500 belonging to our system. Ferguson, who 
wrote in about 1760, supposed that there were less than 30 
comeJB which made us occasional visits ; but since that period 
the elements of the orbits of nearly 100 of these bodies have 
been computed. 

Of these, however, there are only three whose periods of re- 
turn among us are known with any degree of certainty. The 



267. On what frounds is it supposed that the fixed stars are sans to other worlds) 
What number of comets are supposed to belong to our system 1 
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fint of these has a period "". aee. ■-. 

of 75 years ; the second a 
period of 12B years ; and 
the third a period of 575 
yean. The Uiird appeared 
ID ] 680, and therefore can 
tiot be expected again until 
the year 2226. This 

comet, Fig. 260, in" 1680, ci™( </ leea 

eidted the most intense 

interest among the astronomers of Europe, on account of its 
great apparent size and near approach to our system. In the 
most remote part of its orbit, its distance from the Sun was es- 
timated at about 11,200,000.000 of miles. At its neareRt ap- 
proach to the Sun, which nns only about 50,000 mil^, its 
velocity, according to Sir Isaac Newton, was 880,000 mileH in 
an hour; and supposmg it to haye retained the Sun's heat, like 
other solid bodies, its temperature must have been abaut.2,001} 
times that of red hot iron. The t^l of this comet was at Jeasi 
100,000,000 of miles long. 

270. In the Edinburgh Encyclopedia, article Astrotwm^, there 
is the most complete table of cometa yet published. Tliis tabtt' 
contains the elements of 97 cometa, calculated by different as 
tronomers, down to the year 1808. 

From this table it appears that 24 comets have passed be- 
tween the Sun and the orbit of Mercury ; 33 between the orbit* 
of Venus and the Earth; 15 between the orbits of the EartK 
and Mars; 3 between the orbits of Mars and Ceres; and 1 be- 
tween the orbits of Ceres and Jupiter. It also appears by this 
table that 49 comets have moved round the Sun from west to 
east, and 48 from east to west. 

271. Kature of ComeU. — Of the nature of these wanderinj 
planets very little is known. When examined by a telescope, 
they appear like a mass of vapors surrounding a dark nucleus. 
When tlie comet is at its perihelion, or nearest the Sun, its colbt 
seems lo be heightened ny the intense light or heat of that 
luminary, and it then often shines with more brilliancy than 
the planets. At this tjme the t^l or train, which is always 
directly opposite to the Sun, appears at its greatest length, but 
is commonly so transparent as to permit the fixed stars to be 
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seen through it A variety of opinions have been advanced bj 
astionomeTB concerning the nature and causes of these trains, 
but lio Batisiactory theory has been offered. ' 

A new comet was discovered by Miss Maria Mitchell^ of 
Nflintncket, in •October, 1847, for which she received the gold 
medal of the king of Denmark, offered for the first discovery of 
a new comet in any country. 
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FIG. 261. 



272r. Parallax is the difference between the true and apparent 

place of a celestial body. The apparent ] »lace is that in which 

the body seems to be when viewed fror t the surfoce of the 

Earth, the true place being that in whit h. it would iippear if 

' seen from the center of the earth. 

This will be understood 
by Fig. 261, where if we 
suppose a spectator placed 
at G, in the Earth's center, 
he would see the moon E, 
among the stars at I, whereas 
without changing the posi- 
tion of the moon, if that 
body is seen from A, on the 
surface of the Earth, it 
would appear among the 
stars at K. Now I is the 
true and K the apparent 
place of the moon, the space 
between them, being the 
Moon's parallax. 

The parallax of a body is greatest when on the sensible hor- 
izon, (1'70,) or at the moment when it becomes visible to the 
eye'. .From this point it diminishes until it- reaches the zenith, 
or the highest place in the heavens, when its parallax ceases 
entirely. Thus it will be seen by the figure, that the parallax 
of the moon is less when at D, than it was at E, and that when 
il arrives at the zenith, Z, its position is the same whether seen 
from the center of the Earth, G, or from its surface, A. 

The greater the distance of the heavenly body from the spec- 
tator, the less is its parallax. 




Diurnal ParaBas. 



272. What fs parallax ? What is the apparent place of a celestial bodjr 1 WhM la 
the true place c f such a body 7 Explain Fig. 261, and show why there is no parr 
when the body is in the zenith 1 

15 
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Thus were Uie Moon at e instead of at E> lier parallax would 
be only equal to jp E, instead of I K. Hence the Moon, being 
the nearest celestial body, has the greatest parallax, the differ- 
ence of her place among the stars, when seen from the surface 
of the Earth, A, and the center G, being about 4,000 miles. 

273. Parallax of the Stars, — The stars are at such immense 
distances from the Earth, that the difference of station between 
the center and surface of the Eailh makes no perceptible change 
in their places, and hence they have no parallax. 

- 274. Diufnal Parallax. — This applies to the solar •system, 
and takes place every day in the apparent rotation of the planets 
around the Earth. The Moon, as above shown, has a parallax 
when she rises, which diminishes until she reaches the zenith, 
when it ceases entirely ; the same is the case with the Sun and 
planets, which have sensible parallaxes. 

276. Anntial Parallax, — ^Tbis is the difference in the appa- 
rent places of the celestial bodies, as seen from the Earth at the 
opposite points of her orbit, during her annual revolution round 
the Sun. 

Suppose A, /'j^. 2B2, _ ™- 262. 

to be a stationary ce- 
lestial object, then as 
the Earth makes her an- 
nual revolution around 
the Sun S, this object 
at one time will appear 
among the stars at E, 
but six months' after, 
when the Earth comes 

to the opposite point Annual Parallas, 

in her orbit, the same .' *' 

object will be- seen at C, the space from G to E being the an- 
nual parallax of the olj^ect A. But the distances of the stars 
are so great that the diameter of the Earth's orbit, or 1 90,000,000 
of miles make no difference in their apparent places. Were the 
fixed stars within 19,000,000,000,000, or 19 trillions of miles, 
their distance could be .told by their parallaxes. 

But since, as above stated, these celestial points have no sens- 
ible parallaxes, their distances must be greater than this, but 
how much is unknown. 

273 WbyhavetiMitannopafiUaxwl 274. What is diurnal panllaxl 27S. Wliat 
It annual parallax t 
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CHAPTER nil. 

ELECTRICITY. 

276. The science of Electricity, which now ranks as an im- 
portant branch of Natural Philosophy, is wholly of modern date. 
The ancients were acquainted with a few detached facts de- 
pendent on the agency of electrical hifluence, but they never 
imagined that it was extensively concerned in the operations of 
nature, or that it pervaded material substances generally. The 
term electricity is derived from electron, the Greek name of 
amber, because it was known to the ancients, that when that 
substance was rubbed or excited, it attracted or repelled small 
light bodies, but it was then unknown that other substances 
when excited, would do the same. 

When a piece of glass, sealing-wax, or amber, is rubbed with 
a dry hand, and held toward small and light bodies, such as 
threads, hairs, feathers, or straws, these bodies will fly toward 
the surfa<je thus rubbed, and adhere to it for a short time. The 
influence by which these small substances are drawn, is called 
electrical attraction ; the surfece having this attractive powei 
is said to be excited ; and the substances .susceptible of this ex- 
citation, are called electrics. Substances not having this attrac- 
tive power when rubbed, are called non-electrics, 

277. The principal electrics are amber, resin, sulphur, glass, 
the precious stones, sealing-wax, and the fur of quadrupeds. 
But the metals, and many other bodies, may be excited whep 
insulated and treated in a certain manner. 

Ailer the light substances which had been attracted by- the 
excited surface, have remained in contact with it a short time, 
the force which brought them together ceases to act, or acts in 
a contrary direction, and the light bodies are repelled, or thrown 
away from the excited surface. Two bodies, also, which have 
been in. contact with the excited surface, mutually repel each 
Other. 

278. Electroscope, — ^Various modes have been devised for 
exhibiting distinctly the* attractive and repulsive agencies of 

276. From what is the term electricity derived 1 What is electrical attract '.on 1 
What are electrics 1 What are nou-electrics t 277. What art the principal elao- 
tries 7 What is meant by electrical repulsion 1 27d. What is an electroscope T 

h 



MO 



BUBOTBIOIT¥. 



electricitY, and for obtaining indications of its presence, when it 
existfl oojy in a feeble degree. Instruments for this purpose are 
termed ElectroseopeB* 

One of the simplest instruments of this kind consists of a me- 
tallic needle, terminated at each end by a light pith-ball, which 
is covered with gold leaf, and supported horizontally at its centr^r 
by a fincv point, Fig, 268. When a stick of sealing-wax, or a 
glass tube, is exdted, and then presented to one of these baJls, 
Sie motion of the needle on its pivot will indicate the electrical 
influence. 



FIG. 263. 





Eleetro99ope, 
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279. If an excited substance be brought near a ball made of 
pith, or cork, suspended by a silk thread, the ball will, in the 
first place, ^proach the electric, as a1> A, Fig. 264, indicating 
an attraction toward it, and if the position of the electric will 
allow, the ball will come into contact with the electric, and ad- 
here to it for a short time, and will then recede from it, show- 
ing that it is repelled, as at B. If,^ now, the ball which had 
touched the electric, be brought near another ball, which has 
had no communication with an excited substance, these two 
balls will attract each other, and come into contact ; after which 
they will repel each other, as in the former case^ 

It appears, therefor^, i&at^the excited' bo^, as the stick of 
sealing-wax, imparts a portion of its electricity to the ball, and 
that when the ball is also electrified, a mutual r^pulsioh then 
takes place between them. Afterwards, the ball, being electn- 
fied by contact with the electric, when brought near another 
ball not electrified, transfers a part of its electrical influence to 
that, after which these two balls repel each other, as^ the 
former instance. 

280. Thus, when one substance h.as a greater or less quan- 
11 ■ I » ' . 11 

279. When do two electrified bodiee attract, and when do they repel each other 1 
8B0. How will two bodies act; one having more, and the other lees, than tbe nataral 
quantity of electricity, when brought near each other ? How will they act when 
botli have more or less than their nataral quantity ? 
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tity of electricity than another, it wilf attract the other sub- 
stance, and when they are in contact will impart to it a portion 
of this superabundance ; but when they are both equally elec- 
trified, both having more or less than Uieir natural quantity of 
electricity, they will repel each other. 

Electrical Theories. — To a($count for these phenomena, 
two theories have been advanced, one by Dr. Franklin, who 
supposes there is only one electrical fluid, and the other by 
Du Fay, who supposes that there are two distinct fluids. 

281. FranklirCa Theory, — Dr. Franklin supposed tnat all 
terrestrial substances were pervaded with the electrical fluid, and 
that by exciting an electric, the equilibrium of this fluid was 
destroyed, so that one part of the excited body contained more 
than its natural quantity of electricity, and the other part less. 
If in this state a conductor of electricity, as a piece of metal, be 
brought near the excited part, the accumulated electricity would 
be imparted to it,' and then this conductor would receive more 
than its natural quantity of the electric fluid. This he called 
positive electricity. But if a conductor be connected with that 
part which has less than its ordinary share of the fluid, then 
the conductor, parts with a share of its own, and therefore will 
then contain less than its natural quantity. This he called 
negative electricity. When one body positively and another 
neffatively electrified, are connected by a conducting substance, 
the fluid rushes froip the positive to the negative body, and the 
equilibrium is restored. Thus, bodies which are said to be pos- 
itively electrified, contain more than their natural quantity of 
electricity, while those which are negatively electrified, contain 
less than their natural quantity. 

282. Du Fay*8 Theory, — ^The other theory is' explained thus. 
When a piece of glass is excited and made to touch a pith-ball, 
as aWe stated, then that ball will attract another ball, after 
which they will mutually repel each other, and the same will 
happen if a piece of sealing-wax be used instead of the glass. 
But if a piece of excited glass, an^ another of wax, be made to 
touch twcr separate balls, they will attract each other ; that is, 
the ball which received its electridty from the wax will attract 
that which received its electricity from the glass, and will be 



9Rl. Explain Dr. Franklin's rheory of electricity. What is meant by positive, and 
wtiar 1!!;h nei(ative electricity 1 What is the consequence, when a positive and a neg- 
ative bocly are connected by a conductor 1 282. Explain Du Fay's theory. When 
two balls are electrified, one with glaas and the other with wax, will they attract or 
ffvpeleach other t What are the two electrlcUiea called? From what lalMCaiieM 
are tlio two electi^icities obtained 1 
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attracted by it H6noe*Da Fay oondndeB that electricity oon« 
nstB of two distinct fluids, which exist together in all bodies—* 
that they have a mutual attraction for each other — that they 
are separated by the excitation of electrics, and that when thus 
separated, and transferred to non-electrics, as to the pith-balls, 
their mutual attraction causes the bails to rush toward each 
other. These two principles he called vitreous and resinotis 
electricity. The vitreous being obtained from glass, and the 
resin^s from wax and other resinous substances. 

Dr. Franklin's theory is by far tiie most simple, and will ac- 
count for most of the electrical phenomena equally well with 
that of Du Fay, and therefore has been adopted by the most 
able and recent electricians. 

283. It is found that some substances conduct the electric 
fluid from a positive to a negative surface with gl'eat facility^, 
while others conduct it with difficulty, and others not at all. 
Substances of the first kind are called ccmdftec^or^, and those of 
the last non-c(mductor8» The electrics, or such substances as 
being excited, communicate electricity,, are all non-conductors, 
while the non-electrics, or such substances as do not communi- 
cate electricity on being merely excited, are conductors. The 
conductors are the metds, charcoal, water, and other fluids, ex- 
cept the oils ; also smoke, steam, ice, and snow. The best con- 
ductors are gold, silver, platina, brass, and iron. 

•The electrics, or non-conductors, are glass, amber, sulphur, 
resin, wax, silk, most hard stones, and the furs of some animals. 

A body is said to be insulated^ when it is supported or sur- 
rounded by an electric. Thus, a stool standing op glass legs, 
is insulated, and a plate of metal laid on a plate of glass, is 
insulated. ^ 

284. Electrical Maehin^s. — ^When large quantities of the 
electric fluid are wanted for experiment, or for other purposes, 
it is procured by an electrical machine. These machines are of 
various forms, but all consist of an «^c^nc substance of consid^ 
erable dimensions ; the rubber by which this is excited ; the 
prime cmductor^ on which the electric matter is accumulated ; 
tiie insulatory which prevents the fluid from escaping^ and ma- 
chinery, by which the electric is set in motion. 

Formerly a glass cylinder was employed as an electric, but 

; — ■ — '■ 

r 
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283. Wliat are condtictorsi What are noneonduetors 7 What InftttcfBces arft 
eonclactors 7 What, substances are the best conductors 1 WhatsubstanceH are elec- 
trics, or non-conductors 1 VIHien fs a body said to be insulated 1 264.' What art 
the sereral parts of au electrical machine ) 
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moN reoentljr, round, fiat plates of glass, o^ed plate maekitutt 
are used instead of cylinders. This in a great improvement, 
e both sides of the plate are exposed to electrical friction, 



the cylinder, the outside only r/iuld be excited. 
., . ... _^-^_2- ■ 



This machine is represented by Mg. 265, and consists of a 
circular plate of glass, from one to two or three feet in diameter, 
turning on an axis of wood which passps through it» center 
The plata is rubbed as it revolves, by two leather cushions. \ 
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and B, fixed at opposite points of ita circumference, and by 
means of elastic slips of wood adjusted by screws, made to press 
on its surface. On the opposite side are two other cusbioiu) 
not seen, ihe plate revolving between tbem. A hollow brass 
prime condnclor, C, supported by a glass standard D, is attaclied 
to the frame of the machine. On sach side of tbe conductor 
are branches of the same metal, at the ends of which are sharp 
vires nearly touching the ghss plate, and by means of.wbicu 
^le electnc fluid is collected and conveyed to the conductor. 

28S. Mode of Action. — The manner in which this machine 
acts is ensily undetstood. The fncdon of the cushions against 
the glass plate, transfers the electrical fluid from the cushions 
to the glass, so that while the glass becomes positive, the cush- 
ious become negative. Meantime, the fluid, which adheres to 
the surface of the gUss, is attracted by the metallic points and 

J[^rlbtlbaaleDnr1ealmKbiae,FK.»6. an. WlMD«eoiiualtMelMtiMt},«lMa 
■^ 4^n»n*d1 WbrtillDteHHijtolbrowlbiolwlBanUuiTaiiiidMaMital 
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oonveyed to the prime eonductor, which being insulated by. the 
glass standard, the electricity is there accoraulated in quandties 
proportionate to the surfiEuse of the conductor. 

If the cushions are insulated, 4iie quantity of electricily ob- 
tained is limited, consisting of that^ merely, which the cushions 
contained, and when this is transferred to the plate, no more 
can be obtained. It is then necessary to make the cushions 
communicate with the ground, the great reservoir of electricity, 
by laying the chain attached to the cushions on the floor oi 
table, when on again turning the machine, more of the fluid 
will be conveyed to the conductor. 

286. K a person who is insulated takes the chain in his 
hand, the electric fluid will be drawn from him, along the chain, 
to the cu8hion,*and from the cushion will be transferred to the 
prime conductor, aifd thus the person will become negatively 
electrifled. If^ then, another person, standing on the floor, hold 
his knuckle near him who is insulated, a spark of electric fire 
will pass l)etween them, with a crackling, noise, and the equili- 
brium will be restored ; that is, the electric fluid will pass from 
him who stands on the floor, to him who stands on the stool. 
But if the insulated person takes hold of a ch^, connected 
with the prime conductor, he may be considered as forming a 
part of tie conductor, and therefore the electric fluid will be 
accumulated all over his surface, and he will l>e positively elec- 
trified, or will obtain more than his natural quantity of electricity. 
If now a person standing on the floor touch this person, he will 
receive a spark of electrical fire from him, and the equilibrium 
will again be restored. 

287. If two persons stand on two insulated stools, or if they 
both stand on a plate of glass, or a cake of wax, the one person 
being connected by the chain with the prime couductor, and 
the other with the cushion, then, after working the machine, if 
they touch each other, a much stronger shock will be felt than 
in either of the other qases, because the difference. between their 
electrical states will be greater, the one having more and the 
other less than his natural quantity of electricity. But if the 
two insulated persons both take hold of the chain connected 
with the prime conductor, or with that connected with the 

286. If an insulated pereon takes the chain, connected with the cushion, in bis 
Hand* what change will be produced in hie natural (quantity of electricity 1 If the in- 
■ulatcd person takes hold of the chain connected with the prime conductor, and Ibe 
machine be worked, what then will be the change produced in his electrical '^atel 
237. If two insulated persona take hold of the two chains, one connected wifh the 

firi■le conductor, and the other with the cushion, what changes will be proor vtit 
fan insulated person takes the chain, what effect will it produce nn him 1 ^ 
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cushion, no spark will pass between them, on toucliing each 
other, because they will then both be in the same electrical 
state. 

288. We have seen, Fi^, 264, that the pith-ball is first at- 
tracted and then repelled, by the excited electric, and that the 
ball so repelled will attract, or be attracted by other substances 
in its vicinity, in consequence of ha\ing received from the ex- 
cited body more than its ordinary quantity of electricity. 

These alternate movements are amusingly exhibited by plac- 
ing some small light bodies, such as the figures of men and 
women, made of pith, or paper, between two metallic plates, the 
one placed over the other, as in Fig, 266, the upper plate com- 
municating with the prime conductor, and the other with the 
ground. When the electricity is communicated to the upper 
plate, the little figures, being attracted by the electricity, will 
jump up and strike their heads against it, and having received 
a portion of the fluid, are instantly repelled, and again attracted 
by the lower plate, to which they impart their electricity, and 



no. 266. 




no. 267 




AMnetian and RepuMm, 

then are again attracted, and so fetch and carry the electnc 
fluid from one to the other, as long as the upper plate contains 
more than the lower one. In the same manner, a tumbler, if 
electrified on the inside, and placed over light substances, as 
pith-balls, will cause them to dance for a considerable time. 

9B8L Inlain Um reMon whj th« tttOs tmafM duM betWMn Um two matalttt 
0kt«r ^V.a6S. 
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289. JEUetrometer. — ^Instrnments designed to measure the 
intensity of electric aedon, are called Electrometers, Such an 
instniment is represented by Fig. 267. It consists of a slender 
rod of light wood, A, terminated by a pith-ball, which serves as 
an index. This is su^nded at the upper part of the wooden 
stem, B, so as to play easily backward and forward. The ivory 
aemicircle G, is affixed to the stem, having its center coindding 
with the axis of motion of the rod, so as to measure the angle 
of deviation from the perpendicnlar, which the repulsion of the 
ball from the stem produces on the index. 

When this instrument is used, the lower end of the stem is 
set into an aperture in the prime conductor, and the intensify 
of the electric action is indicated by the number of degrees the 
index is repelled from the perpendicular. 

The passage of the electric fluid through a perfect conductor 
k never attended with Hght, or the o'ackling noise which is 
heard when it is transmitted through the air, or along the sur* 
Imm of an electric. 

290. Several cuijous experiments illustrate this prindple, for 
if fragments of tin foil, or other metal, be pasted on a piece of 
glass, so near each other that the electric fluid can pass between 
them, the whole line thus formed with the pieces of metal, will 
be illuminated by the passage of the electricity from one to the 
other. 

no. 968. 
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in this manner figures or words may be formed, as in JPig, 
268, which, by connecting one of its ends with the prime con- 
ductor, and the other widi the ground, will, when IJia electric 
fluid is passed through the whole, in the dark, appear one con- 
tinuous and vivid line of fire. 



289. What is an electrometer 1 Deacribe that repreaented f d Fig. 267, tMcCber 

wUh the mode of using it. When the electric fluid paasea alouf a perfect coDdiictor 

Is it attended with light or not 1 When it passes atong an electric or throofth th« 

air, what phenomena does it exhibit) 290. Describe the experiment. Fig. 268, in* 

ended to illustrate this principle. > 
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291. Electrical Light. — Electrical light seems not to differ 
' in any respect, from the Kght of the Sun, or of a burning lamp. 

Dr. Wollaston observed, that when this light was seen through 
a prism, the ordinary colors arising from the decomposition of 
light were obvious. . 

292. When the electric fluid is discharged from a point, it is 
always accompanied by a current of air, whether the electricity 

* be positive or negative. The reason of this appears- to be, that 
the instant a particle of air becomes electrified, it repels, and is 
repelled, by the point fi-om which it received the electricity! 

Several curious little experiments are 
made on this principle. Thus, let two ^®- '*•• 

cross wires, as in Fig, 269, be suspended 
on a pivot, each having its point bent in a 
contrary direction, and electrified by being 
placed on the prime conductor of a ma- 
chine. These points, so long as the machine 
is in action, will give off streams of elec- 
tricity ; and as the particles of air repel the 1 
points by which they are electrified, the 
little machine will turn round rapidly, in the direction contrary 
to that of the stream of electricity. Perhaps, also, the reaction 
of the atmosphere against the current of air given off by the 
points, assists in giving it motion. 

293. Ley den Vials, — When one part or side of an electric is 
positively, the other part or side is negatively electrified. Thus, 
if a plate of glass be positively electrified on one side, it will be 
negatively electrified on the other, and if the inside of a glass 
vessel be positive, the outside will be negative. 

Advantage of this circumstance is taken, in the construction 
of electrical jars, called from the place where they were first 
made, Lei/den vials. 

The most common form of this jar is represented by Fig, 
270. It consists of a glass vessel, coated on both sides up to 
A, with tin foil; the upper part being left naked, so as to pre- 
vent a spontaneous discharge, or the passage of the electric fluid 
from one coating to the oQier. A metallic rod, rising two oi 
three inches above the jar, and terminated at the top with a 



291. What 1« the appearance of electrical light through a pnam 1 292. DewrilM 
Fig. 269. and explain the principle oo which its motion dependa 293. Sappose ont 
part or side of an electric is positive, what will be the electrical state of the other aids 
or part i What part of th^ electrical Apparatus is constructed on thiaprinciptet 
Bow Is the Ley den vial coastracted 1 why it not (he whdle 8Urwb» mtam VW W9> 
«rfd with the tin fMM 
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brass ball, which is cahed the knob of the jar, is made to de- 
scend through the cover, till it touches the interior coating. It 
is along tliis rod that the cliarge of electricity is conveyed to 
the inner coating, while the outer coating- is made to communi- 
cate with jjie ground. 




FIO. 271. 




Lejfden Jan. 

294. When a chain is passed from the prime conductor of an 
electrical machine to this rod, the electricity is accumulated on 
the tin fo'^ coatmg, while the glass above the tin (oil prevents 
its escar^, and thus the jar becomes charged. By connecting 
toget> ,r a. sufficient number of these jars, any quantity of the 
elec .JC fluid may be accumulated. For this pur^jose, all the 
ir erior coatings of the jars are made to communicate with each 
Other, by metallic rods passing between them, and finally te^ 
minating in a single rod. A similar union is also estabhshed, 
by connecting the external coats with each other. When thus 
arranged, the whole series may be charged, as if they formed 
but one jar, and the whole series may be discharflred at the 
same instarit. Such a combination of jars is termed an electri- 
cai battery, 

296. For the purpose of making a direct communication be- 
tween the inner and outer coating of a single jar, or- battery, by 
which a discharge is effected, an instrument called a discharge 
ing-rod is employed. It consists of two bent metallic rods, 
terminated at one end by brass balls, and at the other end con- 
nected by a joint. This joint is fixed to the end «f a glass 



394. Hnw is a Leyden vial charjrrd ? In what manner may a number of these vtali 
Oe eharicf d 1 What is an electricAl battery 7 295. Explain the de&ij^ of Fig. 271, tod. 
■how how an equilibrium is produced by the dischar^ng-rod. 
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handle, and the rods being movable at the joint, the balls can 
be separated or brought near each other, as occasion requires. 
When opened to a proper distance, one ball is made to touch 
the tin foil on the outside of the jar, and then the other is 
brought into contact with the knob of the jar, as seen in Fig, 
271. In this manner a discharge is effected, or an equilibrium 
produced between the positive and negative sides of the jar. 

296. When it is desired to pass the charge through any sub- 
stance for experiment, then an electrical circuit must be estab- 
lished, of which the substance to be experimented upon must 
form a part. That is, the substance must be placed between 
the ends of two metallic conductors, one of which communicates 
with the positive, and tlie other with the negative side of the 
jar, or battery. 

297. When a person takos the electrical shock in the usual 
manner, he merely takes hold of the chain connected with the 
outside coating, and the batteiy being charged, touches the 
knob with his finger, or with a metallic rod. On making this 
circuit, the fluid passes through the person from the positive to 
the negative side. 

Any number of persons may receive the electrical shock, by 
taking hold of each other's hand, the first person touching the 
knob, while the last takes hold of a chain conneQted with the 
external coating. In this manner, hundreds, or, perhaps, thou- 
sands of persons, will feel the shock at the same instant, there 
being no perceptible interval in the time when the first and the 
last person in the circle feels the sensation excited by the passage 
of the electric fluid. 

298. Atmospheric Electricity. — The atmosphere always con- 
tains more or less electricity, which is sometimes positive, and 
at others negative. It is, however, most commonly positive, 
and always so when* the sky is clear or free from clouds or fogs. 
It is always stronger in winter than in summer, and during the 
day than during the night. It is also stronger at some hours 
of the day than at others ; being strongest about 9 o'clock in 
the morning, and weakest about the middle of the afternoon. 
These different electrical states are ascertained by means of long 



5296. When It Is dedired to pass the electrical flald through aiw substance, wher« 
mast it be placed in rerpect to the two sides of the battery 1 297. Suppose the blt^ 
tery is charged, what muf^ a person do to take the fihock ) V(rhat circumstance It 
related, which shows the surprisinjr velocity with which electricity is transmitted! 
293- Is the electricity of tlie atmosphere positive or negative? At what limes doci 
the atmosphere contain most electricity? How are the different electrical states of 
the atmoejphere ascertained ? 
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raetallie wires extending from one building to another, and con- 
nected with electrometers. 

299. It was proved bj Dr. Franklin, that the electric fluid 
and lightning are the same substance, and this identity has 
been confirmed by subsequent writers on this subject. 

If the properties and phenomena of lightning be compared 
with those or electricity, it will be found that they differ only in . 
respect to degree. Thus, lightning passes in irregular linos 
through the air ; the discharge of an electrical battery has the 
same appearance. Lightning strikes the highest pointed ob- 
'ects — takes in its course the be$t conductors — sets fire to non- 
conductors, or rends them in pieces, and destroys animal life ; 
all of whidi phenomena are caused by the electric fluid. 

800. Lightning Rods. — Buildings may be secured from the 
effects of lightning, by fixing to them a metallic rod, which is 
elevated above any part of the edifice and continued to the 
moist ground, or to th§ nearest water. Copper, for this pur- 
pose, is better than iron, not only because it is less liable to rust, 
but because it is a better conductor of the electric fluid. The 
upper part of the rod should end in several fine points, which 
must be covered with some metal not liable to rust, such as 
gold, platina, or silver. 

301. No protection is afforded by the condtictoTy unless it is 
continued without interruption from the top to the bottom of 
the building^ and it can not be relied on as a protector, unless 
it rea>ches the moist earthy or ends in water connected with the 
earth, Condpctors of copper may be three-fourths of an inch 
in diameter, but those of iron should be at least an incb in 
diameter. In large buildings, complete protection requires 
many lightning rods, or that they should be elevated to a 
height above the building in proportion to the smallness of their 
numbers, for modem experiments have proved that a rod only 
protects a circle around it, the radius of which is equal to tvnce 
its length above the building, 

302. Thus a rod 20 feet above the building, will protect a 
space of 40 feet from it in all directions. 



299. Wba fipst discovered that elfctricity and lightning are the same 1 What phe* 
nomena are mentioned wbicli belong in aommon to electricity and lightning ) 31)0. 
Bow may buildings be protected from the effects of lightning 1 Which is the beat 
conductor, iron or copper? 301. What circumstances are necessary, that the rod 
may be relied on as a protector 1 302. What diameter will a rod 20 feet abov<e the 
building protect ? 
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. CHAPTER XIV. 

MAGNETISM. 

803. 7^ native Magnet, or Loadstone, is an ore of tron, 
which is found in various parts of the world. Its color is iron 
black ; its specific gravity from 4 to 5, and it is sometimes 
found in crystals. 

This substance, without any preparation, attracts iron and 
steel, and when suspended by a string, will turn one of its sides 
toward the north, and another toward the south. 

It appears that an examination of the properties of this 
species of iron ore, led to the important discovery of the mag- 
netic needle, and subsequently laid the foundation for the 
science of magnetism ; though at the present day magnets are 
made without this article. 

304. The whole science of magnetism is founded on the fact, 
that pieces of iron or steel, after being treated in a certain man- 
ner, and then suspended, will constantly turn one of their ends 
toward the north, and consequently the other toward the south. 
The same property has been more recently proved to belong to 
the metals nickel and cobalt, though with much less intensity. 

305. Still more recently, it has been found by Prof. Faraday, 
that when a strong electro-magnet is employed, the following 
metals are acted upon with varying intensity, and therefore 
must be added to the list of magnetic metals, viz., manganese, 
chromium, cerium, titanium, palladium, platinum, and osmium, 

306. The poles of a magnet are those parts which possess the 
greatest power, or in which the magnetic virtue seems to be 
concentrated. One of the poles points north, and the other 
south. The magnetic meridian is a vertical circle in the heavens, 
which intersects the horizon at the points to which the magnetic 
needlCf when at rest, directs itself. 

307. The aons of a magnet, is a right line which passes from 
one of its poles to the other. 

The equator of a^magnet, i^ line perpendicular to its axis, 
and is at the center between t^two poles. 



303. What 18 the native magnet or loadstone 1 What are the properrtee of the 
loadstone? 304. On what is the whole subject of majnetism founded 1 What other 
metals besides Iron possess the magnetic property 1 305. What metals beside- «"*« 
nickel, and cobalt, are magnetic 1 306. what are the poles of a magnet 1 mF 
is the axis of a magnet 7 What is the equator of a magnet 1 
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d08v Leading Properties, — ^The leading propertieB of t&e 
magnet are the following : It attracts iron and steel, and when 
suspended so as to move freely, it arranges itself so as to point 
north and south ; this is called the polaritp of the magnet. 
When the south pole of one magnet is presented to the north 
pole of another, they will attract each other ; this is called maff' 
netic attraction. But if the two north, or two south poles be 
brought together, they will repel each other, and this is called 
magnetic repulsion. 

809. When a magnet is left to move freely, it does not lie in 
a horizontal direction, but one pole inclines downward, and con- 
sequently the other is elevated above the line of the horizon. 
This is called the dipping^ or inclination of the magnetic needle. 
Any magnet is capable of communicating its own properties to 
iron or steel, and this, again, will impart its magnetic <virtue to 
another piece of steel, and so on indefinitely. 

310. If a piece of iron or steel be brought near one of the 
poles of a magnet, they will attract each other, and if suffered 
to come into contact, will adhere so as to require force to sep- 
arate them. This attraction is mutual ; for the iron attracts the 
magnet with the same force' that the magnet attracts 4he iron. 
This may be proved, by placing the iron and magnet on pieces 
of wood floating on water, when they will be seen to approach 
each other mutually. 

311. Force of Attraction. — ^The force of magnetic attraction 
varies with the distance in the same ratio as the force of gravity ; 
the attracting force being inversely as the square of the distance 
between the magnet and the iron. *' 

312. The magnetic force is not sensibly affected by the in- 
terposition of any substance except those containing iron, or 
steel. Thus, if two magnets, or a magnet and piece of iron, 
attract each other with a certain force, this force will be the 
same if a plate of glass, wood, or paper, be placed between 
them. Neither will the force be altered, by placing the two 
attracting bodies under water, or in the exhausted receiver of 
an air-pump. This proves that the magnetic influence passes 
equally well through air, glass, wood, paper, water, and a 
vacuum. 



306. What 18 meant by the polarity of a magnet ? When do two ma^eta attnet, 

a^d when repel each other? 309. What is understood by the dippinir of the mng- 

netic needle 1 310. How is it proved that the iron attracts the magnet with the aama 

force that the magnet attracts the iron 1 31 1. How doe« the force of magnetic attrae* 

' tion vary with the diKtance 1 312. Does the magnetic force vary with th« imerpori* 

ion of any substance between the attracting bodie ^ 
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813. Destroyed by Heat, — ^Heat weakens the attractive power 
of the magnet, and a white heat entirely destroys it. Electricity 
will change the pole* of the magnetic needle, and the explosion 
of a small quantity of gunpowder on one of the poles, will have 
the "same effect. 

314. The attractive power of the magnet may be increased 
by permitting a piece of steel to adhere to it, and then suspend- 
ing to the steel a little additional weight every day, for it will 
sustain, to a certain limit, a little more weight on one day than 
it would on the day before. 

3 J 5. Small natural magnets will sustain more than large 
ones in proportion to their weight. It is rare to find a natural 
magnet, weighing 20 or 30 grains, which will lift more than 
thirty or forty times its own weight. . But a minute piece of 
natural magnet, worn by Sir Isaac Newton, in a ring, which 
weighed only three grains, is said to have been capable of lifting 
746 grains, or nearly 250 times its own weight. 

316. Artifidal Maynets. — The magnetic property may be 
. communicated from the loadstone, or artificial magnet, in the 
following manner, it being understood that the north pole of 
one of the magnets employed, must always be drawn toward the 
south pole of the new magnet, and that the south pole of the 
otlier magnet employed, is to be drawn in the contrary direc- 
tion. The north poles of magnetic bars are usually marked 
with a line across them, so as to distinguish this end from the 
other. 

PWe two magnetic bars ^®- ^^^ 

A and B, Fig. 272, so that 
the north end of one may 
be nearest the south end 
of the other, and at such 
a distance that the ends of 
the steel bar to be touched, 
may rest upon them. Hav- Artificial Magnets. 

infy thus arranged them, 

as shown in the figure, take the two magnetic bars, D and E, 
and apply the south end of E, and the north end of D, to the 
middle of the bar C, elevating their ends as seen in the figure. 
Next separate the bars E and D, by drawing them in opposite 
directions along the surface of C, still preserving the elevation 




313. What is the effect of heat on the magnet ? What is the effect of electricity, or 
the explosion of irnnpuwder on it 1 314. How may the power of a magnet be 
'sreased 1 315. What is said concerning the comparative powers of great and >■ 
magnets ? 316. Explain Fig 272, and describe the mode of making magnet. 
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of tlieir ends ; then removing the bars D and £j to the distanoe 
of a foot or more from the bar C, bring their north and south 
poles into contact, and then having again placed them on the 
middle, C, draw them in contrary directions, as before. The 
same process must be repeated many times on each side of .the 
bar, C, when it will be found to have acquired a strong and per 
manent magnetism. 

317. If a bar of iron be placed, for a long period of time, 
in a north and south direction, or in a perpendicular position, 
it will often acquire a strong magnetic power. Old tongs, 
pokers, and fire shovels, almost always possess more or less 
magnetic virtue ; and the same is found to be the case with the 
iron window bars of ancient houses, whenever they have hap- 
pened to be placed in th^ direction qf the magnetic line. 

318. A magnetic needle^ such as is employed in the mariner^s 
and surveyor's compass, may be made by fixing a piece of steel 
on a board, and then drawing two magnets froin the center 
toward each end, as directed at Fig, 272. Some magnetic 
needles, in time, lose their virtue, and require again to be mag- 
netized. This may be done by placing the needle still suspend- 
ed on its- pivot, between the opposite poles of two magnetic 
bars. While it is receiving the magnetism, it will be agitated, 
moving backward and forward, as though it were animated; 
but when it has become perfectly magnetized, it will remain 
quiescent. 

FIO. 273. 
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Maffnelie Rotatidn* 

Rotation. — It is quite interesting to observe 
the needle of a small magnetic compass 

• 

- - — ■ -^ ' - ■ 1 

bars of iron become magnetie spootaaeoadif I 



•tl. 



•^-„ v»l at posUmns do '^ars oi iron oecome nmgueiic jinio 
•-!w may a neeau- b-^ m.i^ i»>^t^J w:tlio.it removinjr from its pWot t 
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will assume when moved round a bar magnet. If the latter be 
laid on the table, and the former carried slowly around it, from 
S, or south, to N, or north, and so back again on the other 
side, the needle will alternately take all the positions shown 

320. Dip of the Magnet. — ^The dip, or inclination of the 
magnetic needle, is its deviation from its horizontal position, as 
already mentioned. A piece of steel, or a needle which will 
rest on its center, in a direction parallel to the horizon, before 
it is magnetized, will afterward incline, one of its ends toward 
the earth. This property of the magnetic needle was discov- 
ered by a compass-maker, who, having finished his needles 
before they were magnetized, found that immediately after- 
ward, their • north ends iaclined toward the earth, so that he 
-was obhged to add small weights to their south poles, in order 
to make them balance, as before. 

321. The dip of the magnetic needle is measured, by a grad- 
uated circle, placed in the vertical position, with the needle 
suspended by its side. Its inclination from a horizontal line, 
marked across the face of this circle, is the 

measure of its dip. The circle, as usual, 
is divided into 360 degrees, and these into 
minutes and seconds. 

322. Dipping Needle, — Fig, 214: is said 
to represent a convenient form of the dip- 
ping needle. It is a strongly magnetized 
steel needle, turning on the center of grav- 
ity A B, in a brass frame which is suspend- 
ed by a thread. Thus the needle has 
universal motion. The scale is omitted as 
unnecessary for the present purpose. 

323. The dip of the needle does not 
vary materially at the same place, but dif- 
fers in different latitudes, increasing as it is 
carried toward the north, and diminishing 
as it is carried toward the south. At 
London, the dip for many years has varied 
little from 72 degrees. In the latitude of 
80 degrees north, the dip, according to the 
observations of Captain Parry was 88 de- 
grees. 



FIG. 274. 




Dipping yeeiUe. 



820. Howwutbe dtp of the macnetio needle fint diacoTeredl 321. In wb* 
manner is the dip mencared 1 
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324. Variation of th» Magnet. — ^Although, in general 
terms, the magnetic needle is said to point north and south, yet 
this is very seldom strictly true,' there being a variation in its 
direction, which difiers in degree at different times and places. 
This is called the variation, or declination, of the magnetic 
needle. 

825. This variation is determined at sea, by observing the 
different points of the compass at which the sun rises, or setsy 
a«d comparing them with the true poinls'of the sun's rising or 
seUin^, according to aftronomiical tables. By such' observa- 
tions It has been ascertained that the magnetic needle is contin- 
ually declining alternately to the east or west from due north, 
and that this variation differs in different parts of the world at 
the same time and at the same place at different times. 

326. The annexed table shows at once, the dip, or inclina- 
tion, and the variation or declination of the needle, for a series 
^ y^ws. It was formed from observations made at Brussels, 
imd by it there appears to be a gradual, but constant diminu- 
tion of the angle, both of inclination and declination, in Europe. 



• 

Month. 


Tear* 


locIiiiatifML 


Declination. 


October, . . 
March, . . . 
March, . . 
March, . . 
April; . . 
March, . . . 
March, . . 
March, . . . 
March, . . 
March, . . . 


1827, 
1830, 
1832, 
1833, 
1834, 
1835, 
1836, 
1837, 
1838, 
1839, 


68°, 56^ 5^^ 
680, 52', 6^ 
680, 49^, V^ 
680, 42^, 8^^ 
680,38^,4^^ 
680, 35^, (y^ - 
680, 32', 2^' 
680, 28^, 8^/ 
680, 26^, V^ 
680, 22", 4"" 


220, 28", 8^" 
220, 25", 3"" 
220, 19/^ (V/ 

220, 13", 4"" 
220, 15", 2"" 
220, 6", 7"" 
220, -7", 6"" 
220, 4", 3"" 
220, 3", 7'" • 
210, 53", 6" 



327. The difference in the declination, which may be of 
much importance, as on it may depend the safety of ships at 
sea, is very material in different countries, and at different 
periods. Thus at present it is about 24® west, at London. 
At Paris, 22° west. At New York, 6° 25' west, and at Hart- 
ford, about 6° west. 

Before 1660, the variation at London, was toward the enstj 

and on that year the needle pointed due north. From that 

• __^ 

383. What circumstance increases or diminishes the din of the needle 7 324. What 
is meant by the declination of the magnetic needle 1 3S6. What changes does tht 
above table indicate 1 327. Why is the difference of deelination of importance !• 
ships 1 
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time to the present, it has gfuned from two to six degrees to- 
ward the weat every year. 

The greatest variation of the magnetic needle, recorded, was 
that observed by Capt. Cook, which was about 43° west. This 
, was in 8. lat. 60", and E. louptude, 92° 36'. 
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328. When Ueo metaU, ont of which ta more eatily oxt/da- 
Ud than Ike other, are placed in acidulated water, mid the two 
melait are made to touch each other, or a metallic communica- 
tion ii made between them, there is excited an electrical or gal- 
vanic current, which pastea from Ike metal most eanily oxydated, 
through the water, to the other metal, and from the other metal 
through the water around to the first metal again, and lo in a 
perpetual circuit. 





«2ii. if we take, Tor example, one slip of zinc, and another 
« copper, and. place them in a cup of diluted snlphuric acid, 
^ff. 275, ttieir upper ends in contact and above the water, and 

339. Whwc6iiiliiiD».si»n««wirT*i McUe the (niiuiic nclion 1 From which 
nie»lc]Dnlh«KHlvtn:nipioc«i4I 329. DcBTlbgUltcircuilbrFif. 27S. 
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thdr lower ends Mpanit«d, Uien there will be co&etitutod & 
galvanic circle, of tte flimpfest form, consiBting of three ele- 
tnenta, itine, aetd; copper. The galvatiic influence beiDg exdted 
b; the acid, will pass from the zinc Z, the metal most easily 
oxydated, through the acid, to the copper C, and from the cop- 
per U> the 2dnc again, and so on contJntiatly, until one or the 
other of the elements is destroyed, or ceasee to act 

The same effect will be produced, if instead of allowing tfao 
metallic f^ates to come in contact, a communication between 
them be made by means of wires, as shown by ^iff. 276. In 
this case, as well as in the former, the electricity proceeds from 
the zinc Z, which is the. positive side, to the copper O, being 
conducted by the wires in the direction shown by the arrows. 

330. The completion of the circuit by means of wires enables 
ns to make eiperimeuts on different substances by passing the 
galvanic influence through them, this being the method em- 
ployed to exhibit the effects (^galvanic batteries, and by which 
the most intense heat may be produced. 

When the two poles of a battery are connected by means of 
a copper wire of a yard or two in length, the two parts being 
supported on a table in a north and south direction, for some 
of the experiments, but in others the direction must be changed 
as will be seen. This wire, it will be remembered, is called the 



331. Themy.—Ia theory, the 
positive electricity is produced 
by tiie mutual action of the 
aoid, water, and zinc ; the wat«r, 
in small quantity, being decom- 
posed. If this action is too vio- 
lent, that is, if the add is too 
Btrong and the hydrogen pro- 
duced in too la^ quantity, the 
electrical current is diminished, 
or ceases almost entirely. 

332. Galvanio Battsby. — 
One of the most convenient 
forms ofa galvanic battery for os- 
perimenta described in this work 
is represented \ij Fig. 377. It 
consists of a cylinder of sheet 
copper, within which is another 
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of ziDc. The zinc has for its bottom a piece of sheep-skio, or 
bladder, tied on with a string, and is suspended an inch or two 
from the bottom of the copper cylinder. Or,dbhe whole inner 
cylinder may be made of leather with a slip ^f ^jy. within it. 
This is done to prevent the fluid which the inne^^ nif*'^®^ contains 
from mixing with that contained between the twb^^nd still, the 
leather being porous, the water it contains conducts thecal vanic 
influence, from one cell to the other/as^already stated". The 
diameter of the outer cup may be five or six inches, and the 
inner one three or four. The zinc may be suspended by ma-king 
two holes near the top and tying on a piece of glass tube or a 
slip of wood. This part has often to be removed and cleaned, 
by scraping off the black oxyd, which, if it remains, will pre- 
vent the action of the battery. The action will be sustained 
much longer if the zinc is amalgamated by spreading on it a 
little mercury before it is used, and while the surface is bright. 

The cups P N, are the positive and negative poles. They may 
be made of percussion caps, soldered to the ends of two copper 
wires; the other ends being connected by soldering, or other- 
wise, one with the zinc, and the other with the copper, cylinder. 

The inner cup is to be filled with water, mixed with about a 
twentieth part of sulphuric acid, while the cell between the two 
contains a saturated solution of sulphate of copper, or blue 
vitriol. In order to keep the solution saturated, especially when 
casts are to be taken, some of the solid vitriol is to be tied in a 
rag and suspended in it. 

This battery, it will be seen, differs materially from that 
hereafter to be described under the name of Grove's battery, 
but for common purposes it is equally useful ; is much more 
readily made, and costs only a tenth as m^ch. 

grove's battery. 

333. This is the most powerful arrangement, according to its 
size and cost, which has been proposed, and is that generally used 
for telegraphic purposes. Fig, 278 shows a battery of twelve 
cups, each of which consists of a cylinder of amalgamated 
zinc, within which is a cup of unglazed clay ; these being placed 
within an outer cup of glass. To the zinc is attached a con- 
ducting arm of the same metal, which reaches to the next 
series of cups, and at the end of which is attached a thin piece of 
platina, which dips into the porous cup, as shown by the figure. 

332. Explain Fie. 277. and show th« action of tbe battery. 833. Peteribe the prtai- 
eiplenf OroveV- b;l't^^y, F'ff. 27^. 
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The battery is charged, by filling the clay cup ^fith nitric 
acid, and the space nithiu and around the zinc, nhich ia open 
at the bottom and side, with sulphuric acid, diluted with. 30 
parts of water. The action is strong, and requires very little 
expense. 

334. Tobacco Pipe Btiltery. — Fgr telegraphic batteriea tiie 
resselii are about four inches high, but fur common experiments 
any one may make a miniature battery in the following mu)- 
Ber, and at a very trifling expense. 

Procure sit toy tumblers, an inch and a half high. Cut 
from sheet zinc, strips of audi 
size as to form cylinders to ns. VB." 

go wilhin these tumblers. Cut 
one end of each atrip nearly oS, 
and a quarter of an inch wide, 
as shown at A, Fig. 279, and 
turn it up so as to make , a con- 
necting arm with 'the next cup. 
At the end <^ Uiis arm cut a slit 
B, into which put a little slip of 
'platina foil, half an inch wide, and 
an inch long. In this manner the 
whole can be made without sold- 
ering the arm to the cup, which, 
when amalgamated, will drop off. 

Next take six tobacco pipes, and breaking off the stems, stop 
the oritJcfs of the bowls with sealing-wax, and the elements of 
your little battery is finished. 

Now take a little mercury in a bowl, and touching the zinc 
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ntoees Pipi BtUlttf. 
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cylinders to it, a little will adliere to the metal, and ma; be 
spread over its surface with a wisp of cotton. The action is 
tnun much increased. 

* 335. Lastly, put the bowb Within the zinc cylinders, and these 
ijto the tnmblere, and then fill the bowls with nitric acid, and 
the tumblers with sulphuric acid diluted with 30 p,irts of water, 
fizing the arms bo that the platina will dip into the bowls, anil 
thu action will commence instantly. 

With this little battery, which any one of ordinary ingenuity 
can make, all the common experiment with a galvanic battJ^iy 
may be performed. 

S3G. Circular ifotUm of Eleetro-Magnetism. — In conao- 
qaence of the circular magnetic currents which seem Ui 
emanate from the regular influence 
of the battery, the fluid may be fig. aao. 

made to act so -as to produce a 
continued rotation of the conducting 
wire, or the magnet. 

Magnet Revolving Around the 
Conducting Wire. — The arrangement 
shown by Fig. 280, and which causes 
the magnet to revolve around the 
conducting wire, consists of the mag- 
net N S, having an angular bend in 
the middle, where it becomes bori- 
Eontal, while the extremities arc vert- 
ical. To the north pole, or lower 
end of the magnet N, is attached a 
]H«ce of brass, at a right-angle with 
the magnet, which has a little pro- 
jection, forming a pivot, which resta 
m an agate cup, fixed to the stand. 
A wire loop attached to the upper 
pole of the magnet S, encircles the 
conducting wire, and tiius keeps the 
magnet in its place. The galvanic 
current is conveyed by this wire, the 
lower end of which dips into a little 
cup of mercury on the horizontal Btvoi-BiBg Magnet. 

portion of the magnet 

887. The wire has a brass cup at A, containing mercury, and 
Into which Ihe pole of the battery is inserted. From this cup 

KB. WtLb whu li tbhi buuiy churftd ) 
16 




prqects k t>ent wire, at seen in the figure, tbe end of which 
dips into ft circular cistern of mercury, conUiued in a brass 
cap, and through which the magnet revolves. A wire passes 
through the side of the dstem'to the mercury, and terminates 
tn the BcreW'Cup B, into which the other pole of the battery is 
placed. 

Now on making the connection, the current flows down bj 
he side of the upper pole of the magnet to the middle, and 
then takes the direction of the cup H, so as not to act on the 
lower pole, the galvanic force being between the mercuir io 
the cistern and the bent wire, and hy the attraction of which 
the magnet revolves rapidly around die conducting wire. On 
changing the poles the rotation will be in a contrary direcUon. 

336. Revolvind Spdr-Wbbel, — Many curious experiments 
are made by comUning the action of electrid^ with that of 
magnetism. Such a combination is shown by Fi^. 281 where 
W is a copper wheel cut into points, and made to revolve be- 
tween the legs of a U magnet fixed in an upright position- 
The axis of the wheel is supported by strips of brass fastened 
to the m^netic poles N and 8. 
The trough T may be of brass or "" "" 

wood, and is placed between the 
bifurcation of the magnet. This 
contiuns a little mercury, into 
which the teeth of the wheel just 
dip, as they revolve. 

339. On the platform or stand, 
to which the mugoet is fastened, 
are two screw-cups to which the 
opjiosili) puW of the battery arc 
asteu' d. One of these cu| s is 
connected with the magnet, and 
through that, with the axis of the 
wheel, and the other with the 
mercury in the trough. Now 
on msiking the connection be- 
tween the poles of the battery, 
the wheel Ix'gins to move, in con- 
sequence of the attraction be- 
tween the points of the wheel 
and the mercury, and if the cur- 
rent is strong the wheel turns 
with great velocity, snapping and striking fire as the points 
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mpptoach tJie fluid metal. The pointa of the wheel shonld be 
•malgamated to make the experiment succeed wolL ^ 



340. This is a curious and aiogular aiT&ngement, and will 
quite astonish those who are not couversaQt with motions com- 
inunicated bv galvanic influence. 

I'he cut, Fig. 282, shows a connection between the lynral 
ribbon, A, and the single Grove's battery, B, by 




copper wire. The bent wire C C, suspended in the middle, is 
■et in motion by a spring below the milled-head F, and is made 
to vibrate rapidly by clock-work, the ends of the wire dipping 
alternately in the glass cups C, containing mercary. The 
spring is wound up by tummg ttie milled-head. 

The glass cups are open at the bottom to allow the mercury 
to come in contact with the brass pillars on .which thuy stand. 

Both of these pillars are connected with one- of the screw -cups 
D D, while the other cup is connected with the middle brass 
pillar E, on which is a brass cup of mercury. From the latter 
cnp ascends a vertical wire, attached to the vibrating wire, as 
the figure shows. 

341. Such ft quantity of mercury is put into the brass cup 
as to keep the end of the vertical wire covered, and enough 
into the glass cups C, to allow one end of the vibrating wire 
to leave the mercury in the cup, before the other end dips into 
that metal. 

342. The tjAral ribbon is made by cutting strips of sheet 
eupi IT, uii inch v.'ide, into k-ngths, and soldering tiiem together. 
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Then having covered the whole with cotton cloth, and rolled it 
into a spiral, like a watch*«pring, the article in question is formed. 
At eacn end, the ribbon being sometimes 100 feet Jong, there is 
fixed a screw-cup to contain mercury for the poles of the bat- 
tery. In the above, one end is connected with the battery, and 
the other with the screw-cup D, and so to E, on the platform, 
llie current must be transmitted through the two instru- 
ments in succession, by connecting one of the screw-cups with 
one of those attached to the spiral wire, and the other with 
the pole of the battery ; the remaining cup on the spiral being 
made to communicate with the other pole of the battery. • 

343. Action, — On making the connection with the spiral, 
as shown, and turning the milled-head to put the vibrating 
wire in motion, a brilliant spark will be seen, and a loud snap 
heard, at the alternate rupture of the contact between the ends 
of the vnre and the mercury in the cups C C. 

With a battery of a few pairs of large sized plates, the size 
of the spark will be greatly increased. 

A strong shock may al^ be given, especially when the mer- 
cury in the cups are covered with a little oil. 

[The author is indebted for the above, as well as for several 
other cuts of the same kind, to Davis's ^Manual of Magnetism," 
Boston, 1850. 

This work contains the most complete and extensive set of 
figures, and their descriptions, on the subjects <^ Magnetism 
and Electricity, ever published in this country. Price $1,00. 
The number of figures, 184.] 

BEVOLTmG BELL ENGINE. 

344. This curious arrangement is the invention of Mr* Page. 
It consists of a U shaped magnet, the north and south poles, 
N S, being fixed in the base board. Between these is a small 
electro-magnet of iron, surrounded with insulated copper wire. 
This is fixed to a revolving axis, or wire, the upper end of 
which is confined in the bend of the large magnel^ and the 
lower one running in a support below the electro-magnet. 
On the outside of the U magnet are the connecting screws for 
the opposite poles of the battery, by which the machine is oper- 
ated. On the axis, and connected with the notches of the 
wheel, is an endless screw, and with this is connected the ham- 
mer, which strikes the bell, seen as a crown on the figure. 

845. Action, — The operation, or motion, of this curious little 
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engine, depends on the alternate 
attrftctjon and repulson of the poles 
of the U magnet, and those of the 
small elH:tro-ni t^et between them. 
The magnetism of the latter de- 
pends on the influence of the. bat- 
tery with which it is connect<Ml, 
and therefore ceases when this 
connection is broken- The revo- 
lution ia thisrefore caused by the 
tnntua) repuUion, and then the 
mutual attraction between the two 
opposite polea of the two magnets, 
as the connection is broken and the 
polea of the electro-magnet are 

The hammer is made to strike 
l>y a pin on the wheel moved by 
the endless screw, and which press- 
es back the handle until it is re- 
. leased, when a spiral spring on the 
handle impela it gainst trie biell. 

346. If the wheel has 100 teeth, 
as in the cut, the electro-magnet 
must revoWe 100 times in order to 
produce one revolution of ^e wheel, and conscquentlv one 
stroke on the belL The velocity of the electro-magnet id this 
machine, as |hown by the striking of the hammer, is some- 
times equal to 6000 revolutions in a minute. 

347, Vibration of a Wirk. — A conducting copper wire 
W, J^ii. 284, is suspended by a loop from a book of the same 
loetal, which passes through the arm of metal or wood, as seen 
in the cut. The upper end of the hook terminatea in the cup 
P to contain mercury. The lower end of the copper wire just 
touches the mercury, Q, contained in a little trough about an 
inch long, formed in the wood on which the horseshoe magnet, 
M, is laid, the mercury being equally distantirom the two poles. 

The cup, N, has a stem of wire which passes through the 
wood of the platform into the mercury, this end of the wire 
being tinned, or amalgamated, so as to form a perfect contact. 
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848. Having^ thus prepared no. 28*. 

the apparatus, put a little mer- 
cury into the cupe £ and N, and 
. then form the galvanic circuit 
by placing the poles of the batr 
tery in the two cups, and if every 
thing is as it should be, the 
wire will begin to vibrate, being 
thrown with considerable force 
either toward M or Q, accord- 
ing to the position of the mag- 
netic poles, or the direction of 
the current, as already explained. 
In either case it is thrown out 
of the mercury, and the galvanic 
circuit being thus broken, the 
effect ceases until the ^re falb 
back again by its own weight, 
and touches tiie mercury, when 
the current being again perfect- 
ed, the same influence i3 repeated, and the wire is again thrown 
away from the mercuiy, and thus the vibratory motion becomes 
constant 

This forms an easy an3 beautiful electro-magnetic experi- 
ment, and may be made by any one of common ingenuity, 
who possesses a galvanic batter}^ even of small power, and a 
good magnet - 

The platform may be nothing more than a j)iece of pine 
board, eight inches long and six wide, with two sticks of the 
same wood, forming a standard and -arm for suspending the 
vibrating wire. The cUps may be made of percussion caps, 
exploded, and soldered to the ends of pieces of copper bell 
wire. 

The wire must be nicely adjusted with respect to the mer- 
cury, for if it strikes too deep or is too far from the surface, m 
vibrations will take place^. it ought to come so near the mer- 
cury as to produce a spark of electrical fire, as it passes the 
sur^Ace, at every vibration, in which case it may be known that 
the whole apparatus is well arranged. The vibrating wire must 
oe pointed and amalgamated, and may be of any length, from 
a few inches to a foot or two. 

349. Rotation of a Wheel, similar to, but more simple, than 
Ftg, 281. The same force which throws the wire away from 
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the mercury, will cause the ro- 
tation of a spur-wheel. For tliis 
purpose the conducting wire, in- 
stead of being suspended, as in 
tlie former experiment, must be 
^Ked firmly to the arm,, as shown 
by M^f' 285. A support for the 
axis of the wheel may be made 
by soldering a short piece to the 
side of the conducting wire, so as 
to make the form of a fork, the 
lower end of which must be flat- 
tened with a hammer, and pierced 
witli fine orifices, to receive the 
ends of the axis. 

The apparatus for a revolving- 
wheel is, in every respect, like 
that already described for the vi- 
brating wire, except in that above 
Dotioed, the wheel may be made 

of brass or copper, but must be thin and light, and so suspended 
as to move freely and easily The points of the notches must 
be amalgamated,* which is done in a few minutes, by placing 
the wheel on a flat surface, and rubbing them with mercury 
by means of a cork. A little diluted acid from the gal- 
vanic battery will facilitate the process. The wheel may be 
^rom half an inch to several inches in diameter. A cent ham- 
mered thin, which may be done by heating it two or three 
times during the process, and then made perfectly round, and 
its diameter cut into notches with a file, will answer every 
purpose. 

This affords a striking and novel experiment;, for when every 
thing is properly adjusted, the wheel instantly begins to revolve 
on touching with one of the wires of the battery the mercury 
in the cup P, the other pole being in N. 

When the poles of the magnet, or those of the battery, are 
changed, the wheel instantly revolves in a contrary direction 
from what it did before. 

It is, however, not absolutely necessary to divide the wheel 
into notches, or rays, in order to make it revolve, though the 



349. Explain Fig. 285. In what manner may the points of the roar-wheel be amalf 
fUBated 1 If the motion of the fluid is changed, what effect does it hare on tbt 
vheell 
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motion is more rapid, and the experiment Buooeeds much better 
by doioff BO. 

350. Elsgtro-Maonbtio Ijsrhvonov.—Uxperimeut proves 
thai the passage of the galvanic current through a copper wire 
renders iron magnetic when in the vidnitg of the current. 
This is called magnetic induction. 

The apparatus for this ' 

purpose is represented p ^^' ^^ 

by Fig. 286, and con- - 
sists of a copper wire 
> coiled, by winding it 
around a piece of wood. 
The turns of the wire 
should be close together 
lor actual experiment, Electrical HeUs. 

they being parted in the 

figi^re to show the place of the iron to be magnetized. The best 
method is, to place the coiled wire, which is called an electrical 
helixj in a glass tube, the two ends of the wire, of course, pro^ 
jecting. Then placing the body to be magnetized within the 
folds, send the galvanic influence throi^h the whole by placing 
the poles of the battery in the cups. 

351. Steel thus becomes permanently magnetic, the poles, 
however, changing as often as the fluid is sent through it in a 
contrary direction. A piece of watch-spring placed in the helix, 
and then suspended, will exhibit polarity, but if its position be 
reversed in the helix, and the current again sent through it, th^ 
north. pole will become south. If one blade of a knife be put 
into one end of the helix, it will repel the north pole of a mag- 
netic needle, and attract the south ; and if the other blade be 
placed in the opposite end of the helix, it will attract the north 
pole, and repel the south, of the needle. 

362. Temporary Magnets. — Temporary magnets^ of almost 
any power, may he made by wiriding a thick piece of soft iron 
with many coils of insulated copper wire, and passing the gal- 
vanic influence through it. 

The best form of a magnet for this purpose is that of a horse- 
shoe, and which may be ^ade in a few minutes by heating and 
bending a piece of cylinder iron, an inch or two in diameter, 
into this form. 

850. What is meant by magnetic induction 1 Explain Fig. 286. What is the figure 
called ? 351. Does any substance become permanently magnetic by the electfical 
>elrx ? How may the poles of a magnet be changed by thshelix 1 '3S2. How may 
temporary magnets be made ) 
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The copper wire (bell wire) may be insulated by winding it 
with cotton thread. If this can not be procured, common bon- 
net wire will do, though it makes less powerful magnets than 
copper. 

353. The coils of wire no. 287. 
may begin near one pole 
of tiie magnet and term- 
inate near the other, as 
represented by Fig, 287, 
or the wire may consist 
of shorter pieces wound 
over each other, on any 
part of the magnet. In 
either case, the ends of 
the wire, where several 
pieces are used, must be 
soldered to two strips of 
tinned sheet copper, for 
the combined positive 
and negative poles of the 
wires. To form the mag- 
net, these pieces of cop- 
per are made to communicate with the poles of the battery, by 
means of cups containing mercury, as shown in the figure, ot 
by any other method. 

354. The eflfect is surprising, for on completing the circuit 
with a piece of iron an inch in diameter, in the proper form, and 
properly wound, a man will find it difficult to pull off the arma- 
ture from the poles ; but on displacing one of the galvanic poles, 
the attraction ceases instantly, and the man, if not careful, will 
fall backward, taking the armature with him. Magnets have 
been constructed in this manner, which would suspend ten 
thousand pounds. 




Temporary Magnet. 
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855. This means electricity by heat, and its principles will 
be understood, when it is stated that if any two metals of dif- 
ferent kinds be joined together and then neated, a current of 
electricity will pass from one to the other. Thus, if two wires 
of a few inches in length, German-silver and brass, have their 
ends soldered together, and the junction heated with an alcohol 



863. For what purpose are the ends of the wires to be soldered to pieces of eop' 
p«r 1 356. What is meant by thermo-electricity 1 

16* 
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luDp, or b; other ineans, a current of electrici^ will &ow Aon 
(he silver to die hnm, which may be detected b^ the gal- 
YVioineter, or by the common electncal needle. 

866. Compoiition of Qtrman-filvtr. — As this alloy is chesp^ 
and is much used for electrical pnrpoeea, we ^ve iU propartioaa. 
In 100 pMts, it ooDBists of copper SO, wae 80, and nickel 20. 
This alloy is a poeldre electric to all other mebtla except bia* 
muth, to which it is negative. 
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Writers give a great variety of combinations of difieront 
metalB, with the amount of electrical influence indicated by each. 
Among these, that shown by Fig. 283, is among the most easily 
constructed and most powerful. It consists of ten strips <» 
German -silver, and as many of brass, rolled thin and laid cm 
each other with their alternate ends soldered together. Strips 
of pasteboard are placed between the adjacent metals, so that 
they touch only at the ends where tJiey are soldered. Now by ' 
heating the end opposite the poles with a spirit lamp, and bring- 
ing the poles in contact, an electrical current will flow from one 
tide or pole, to the other, in the direction of the arrows. 



85?. The art of covering the base metals, sa copper, imd the 
alloys of zinc, tin, ibc., with gold and silver, as also of oopying 
' medals, by means of the electrical current, is called eliclrotype 
or voltatffpe. 

This new art is founded on the simple &ct, that when tba 
galvanic influence is passed throngh a metallic solution, under 
certain conditions, decomposition' takes place, and the metal is 
deposited in its pure form on the n^;ative pole of the battery. 

The theory by which this eflract is explained U, that the 

3H. Eipklnbi Fli. ESS. ho« Ihrfno-elMtrlellT b dereloped I XI. WImi !■«!■«■ 
tr«7pei On whuftuiiii Hid ilUiut li loDiidtdl Od which pole Is itia Bul 
dap«llcd1 WIUIlaUialbwrjkT it:hichLhIi<a'«clLseqiliiiud1 

\ 
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hydrogen evolved by the action of the add bn the positive pole 
of the battery combines with the oxygen of the dissolved metal 
foHniiig water, while the metal itself thus ^et free, is deposited 
iit the negative side of the battery. 

Many of the base metals, as copper, the alloys of zinc, and 
tin, may by such means be covered with gold, or silver, and thus 
a cheap and easy method of gilding and plating is effected. 

This art, now only a few years old, has excited great interest, 
net only among men of science, but among mechanics, so that 
in England many hundreds, and perhaps thousands of hands 
are already employed in silvering, gilding, and coppering, taking 
impressions of medals and of copperplates, for printing, and of 
perforhiing such other work as the 5rt is capable of. Volumes 
have been written to explain the different processes to which 
this 'art is applicable, and considering its recent discovery and 
the variety of uses to which it is already applied, no doubt can 
exist that it will finally become of great importance to the world. 

In this short treatise we can only introduce the pupil to the 
subject, by describing a few of the most simple processes of the 
art in question, and this we hope to do in so plain a manner, 
that any one of common ingenuity can gild, silver, or copper, 
and take impressions of medals at his leisure. 

358. Copying of Medals. — This new art has been applied 
very extensively in the copying of ancient coins arid meidals, 
which it does in the utmost perfection, giving every letter, and 
feature, and even an accidental scratch, exact!} like the original. 
When the coin is a cameo, the figures or letters »/*.ing raised, it 
is obvious that if the metal be cast directly upon J the medal 
will be reversed, that is, the figures will be indenteu, and the 
copy will be an intaglio instead of a cameo. To remedy this, a 
east, or impression must first be taken of the medal, on which 
the electrotype process is to act, when the copy will, in all re- 
spects, imitate the original. 

There is a variety of ways of making such casts, according^ to 
the substance used for the purpose. We shall only mention 
plaster of Paris, wax, and fusible metal. 

369. Plaster Casts. — ^When plaster is used, it must be, 
what is termed baked, that is, heated, so as to deprive it of all 
moisture. This is the preparation of which stereotype casts are 
made. The dry powder being mixed with water to the con- 
sistence of cream, is placed on the medal with a knife to the 
thickness of a quarter oi half an inch, according to its size. In 
a few minutes the plaster sets, as it is termed, or becomes haid« 
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To insure its easy detachment, the racdal is rubbed over with a 
little oil. 

The caattjius formed is first to be coated with boiled linseed 
oil, and then its face covered with fine pulverized black lead, 
taking care that the indented parts are not filled, nor the raised 
parts left nak« d. The lead answers the purpose of a metallic 
surface, on which the coppeJ* is deposited by the galvanic current 
This is a curious and very convenient discovery, since wood aits, 
engraved stones, and copies in sealing-wax, can thus be copied. 

To insure contact between the black lead on the face of the 
cast and the wire-conductor, tlie cast is to be pierced with an 
awl, on one of its edgps, and the sharp point of the wire passed 
to the face, taking care, after this is done, to rub on more lead, 
so that it shall touch the point of the wire, and thus communi- 
cate with the whole face of the medal. 

360. Wax Casts. — ^To copy medallions of plaster of Paris, 
place the cast in warm water, so that the whole may be satura- 
ted with the water, but keeping the face above it. When the 
cast has become warm and moist, remove, and having put a 
shp of paper around its rim, immediately pour into the cup thus 
formed bees wax, ready melted for this purjwse. In this way 
copies may be taken, not only from pla.ster casts, but from those 
of other su^ stances. 

To rer -er the surface of the wax a conductor of electricity, it 
IB to ^e covered with black load in the manner directed for 
piaster casts. This is put on with a soft brush, until it becomes 
bla'l^ and shining. 

The electrical conductor is now to be heated and pressed upon 
the edge of the wax, taking care that a little of its surface is left 
naked, on, and around which the black lead is again to be 
rubbed, to insure contact with the whole surface. 

Both of the above preparations require considerable ingenuity 
and attention, in order to make them succeed in receiving the 
copper. If the black lead does not coramunic^ with the ix)le, 
and does not entirely coyer the surface, or if it happens to be a 
poor quality, which is common, the process will not succeed ; 
but patience, and repeated trials, with attention to the above 
de'scriptlons, will insure final success. 

861. Fusible Metal Casts. — This alloy is' composed of 8 
parts of bismuth, 6 of lead, and 3 of tin, melted together. It 
melts at about the heat of boiling water, and hence may be 
ised in taking casts from engraved stones, coins, or such other 
substances as a small degree of heat will not injure. 
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• To take a cast with this alloy, surround the edge of the medal 
to be copied, with a slip of paper, by means of paste, so as to 
form a shallow cup, the medal being the bottom. Then hav- 
ing melted the alloy in a spoon, over an alcohol lamp,, pour it 
in, giving it a sudden blow on tie table, or a shake, in order to 
detach any air, which may adhere to the medal.* In a minute 
^ or two it will be cool, and ready for the process. 

Another method is, to attach the medal to a stick, with seal- 
ing-wax, and having poured a proper quantity of the fused alloy 
on a smooth board, and drawn the edge of a card over it, to 
take off the dross, place the medal on it, and with a steady 
hand let if remain until the cast cools. 

Next, having the end of the copper wire for the zinc pole 
clean, heat it over a lamp, f\nd touch the edge of the cast there- 
^ with, so that they shall adhere, and the cast wilj now be ready 
for the galvanic current. 

To those who have had no experience in the electrotjjpe art, 
this is much the best, and most easy method of taking copies, 
as it is not liable to failure like those requiring the surfaces of 
the molds to be black leaded, as above described. 

362. Galvanic Arrangement. — Having prepared the molds, 
as above directed, these are next to be placed in a solution ot 
the sulphate of copper, (blue vitriol) and subjected to the elec- 
trical jcurrent. For this purpose only a very simple battery is 
required, especially where the object is merely a matter of 
curiosity. ' 

For small experiments, a glass jar holding a pint, or a pitcher, 
or even a tumbler will answer, to hold the solution, P^o^^de 
also a cylinder of glass two inches in diameter, and stop the 
bottom with some moist plaster of Paris, or instead thereof, tie 
around it a piece of bladder, or thin lieather, or the whole cylin- 
der may be made of leather, with the edges sewed nicely to- 
gether, and stopped with a cork, so that it will not leak. The 
object of this part of.the arrangement is, to keep the dilute sul- 
phuric acid which this contains, from mixing with the solution of 
suljihate of copper, which surrounds it, still having the texture 
of this vessel so spongy as to allow the galvanic current to pass 
through the moisture which it absorbs, water being a good con- 
dui^tor of electricity. 

Pronde also a piece of zinc in form of a bar, or cylinder, or 
slip, of such size as to pass freely into the above described 
cylii'der. • 

Having now the materials, the arrangement will readily 
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be understood by Fig. 289, where c is the ves- no 

9el containing the solution of sulphate of cop- 
per ; a, the cylinder of leather, or glass ; Zy the 
zinc, to which a piece of copper wire is listened, 
and at the other end of which, is the cast.m, to be 
copied. The .proportions for the vessel, a, are 
about 1 part sulphuric acid to 16 of water by 
measure. The solution of copper for c, may be in 
the proportions of 2 ounces of the salt to 4 ounces 
of water. The voltaic current passes from the 
positive zinc to the negative amalgam cast, where 
the pure copper is deposited. 

In order to keep the solution saturated, a little 
sulphate of copper is tied in a rag,, and- suspended in the solu- 
tion. In 24 or 36 hours, the copper, (if ^1 is right) will be 
sufficiently thick on the cast, the back and edges of which should » 
be covered with varnish to prevent its deposition except on the 
face. - 

If the copper covers the edges, a file or knife will remove it, 
when by inserting the e^ge of the knife between the two metals, 
the copy will be separated, and will be found an exact copy of 
the original. 

If the acid in the inner cylinder is too strong, the process is 
often too vigorous, and the deposition^ instead of being a film 
of solid copper on the cast, will be in the form of small grains 
on the lower end of the wire. The weakest power consistent 
with precipitation should therefore be applied. 
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363. This is an improved method of copying casts^ or molds, 
in copper. It consists of two glass vessels, each holding a pint, 
or less, one of which holds the battery, and the other the de- 
positing apparatus. These arrangements will be understood 
by Fig. 290,. of which 1 is a little mercury on the bottom of 
the vessel, containing the battery. Just above this is a piece 
of platinum foil, suspended in the center. A piece of zinc, 4, 
rests against the side of the vessel. A curved copper wire, 8, 
descends through the liquid, insulated by a ^lass tube. This 
wire, by the mercury, connects the zinc plate with the metallio 
cup on the top of the jar, and by the wire, 2, with the otlier 
jar. The wire, 6, descends from lie screw-cup into the depos- 
iting cell, to the end of which, the cast, 6, is suspended. The 
plate 7, is a piece of copper suspended in the solution of sidphate 
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of (»[qper, in order to keep 
it alvftjB of the Bnme 
streoffth, a portion being 
diBwlred, while uiother 
portion is depoaiUd on 
the cast 

The liquid in. the liatr 
tery is composed of one 
part sulphuric acid, and 
20 or SO of water. That 
in the depoaiting side, is 
composed of 2 ounces of 
sulphate of copper, 1 ounce 
of sulphuric acid, and 15 



The general directions for obtaining casts hav 
above, sod need not be repeated. 




364. The apparatus, .^t;. 281, i 

strong and pennanent magnetism 
small Smee's battery, with itfi opposite poles connected with the 
horizontal U mt^et, which is closely wound with insulated 
copper wire. Of course ^he wires convey the electrical influenot 
&om the positive to the negative sides of the battery. 




Mdgntliim by EUtdrv-HIagnetitm. 



Tbe out representa it TT magnet in the process of being mag- 
netized. This is done by drawing it from the bend, across the 
electro-magnet to the poles, and repeating this on both ita udes, 
taking oare to do it in the same direction. A steel bar may be 
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magDetized by tlie same process, or, if a short one, by applying 
it as an armature to the f^oles of the electro-magnet ; the north 
pole becoming the south pole of the new magnet 

365. To remove the magnetism of a steel magnet of the U 
form, it is only required to reverse the process, that is, to place 
one of its poles on each pole of the electro-magnet, and draw it 
over them, in the direction contrary to the indication of the 
arrow seen in the figure. 

In the vertical magnet, the letters N S, indicate its north and 
south poles. 

ELECTRO-GILDING. 

3o6. Gilding toiihout a Battery. — After the solution is pre- 
pared, the process of electrotype-gilding is quite simple, and may 
be performed by any one of common ingenuity. 

The solution for this purpose is cyanide of gold dissolved in 
pure water. This is prepared by dissolving the metal in aqua- 
regia, composed of one part nitric, and two of muriatic acid. 
Ten or fifteen grains of gold, to an ounce and a half of the 
aqua-regia may be the proportions. The acid being evaporated, 
the salt which is called the chloride of gold is dissolved in a 
solution, n^ade by mixing an ounce of the cyanuret of potash 
with a pint of pure water. The cyanuret of potash is decom- 
posed and a cyanide of gold remains in solution. About 20 
grains of the chloride of gold is a proper quantity for a pint of 
the solution/ The cyanuret of potash, and the chloride, or 
oxyd of gold, may be bought at the apothecaries. 

Having prepared the solution, the most simple method of 
gilding is to pour a quantity of it into a glass jar, or a tumbler, 
and place in it the silver, copper, or German-silver to be gilded, 
in contact with a piece of bright zinc, and the process will im- 
mediately begin. No other battery, except that formed by the 
zinc, and metal which receives' the gold, is required. The zinc ' 
at the point of contact must be bright and well fastened to the 
other metal by a string or otherwise. The process will be 
hastened by warmth, which may be applied by placing the jar 
and its contents in a vessel of warm water. So far as the authoi 
"knows, this simple process originated with himself, and answers 
admirably as an experiment in the electrotype art The gold, 
however, is apt to settle upon the zinc, but which may be pre- 
vented by a little shellac varnish rubbed on it, except at the 
point of contact. The handles of scissors, silver spectacles, pen- 
cils, &:c., may be handsomely gilt by this process. 
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867. Gilding with a Battery. — If the operator desires to 
extend his experiments in the art of electro-gilding, a small bat- 
tery must be employed, of which there are many varieties. 
The best for more extensive operations, is that composed of 
platinized silver, and amalgamated zinc. > 

For this purpose the platina is first dissolved in aqua-regia, 
in proportion of 10 grains to the ounce, and then nrecipitated 
on the silver. The silver is in sheets, such as is usedjFor plating, 
no thicker than thin writing paper. This may be obtained of 
the silver- platers, and being well cleaned, is ready for the process. 

These plates being covered with platina, are insoluble in the 
acid employed, and hence they will last many years. The amal- 
gamati»d plates are also durable, and do not require cleaning. 

368. These platinized sheets are confined between two plates 
of amalgamated zinc. The process of amalgamation consists in 
rubbing 'mercury, with a little mass of cotton wool held in the 
fingers, on the clean zinc. These plates may be fixed half an 
inch apart by means of little pieces of wood, with the sheets be- 
tween them, but not touching each other. The plates, ha\ing 
a metallic connection, form the pa^itive side of the battery, 
while a copper wire soldered to the silver sheet makes the nega- 
tive side. The dimensions of these plates may be four or five 
inches long,' and three or four wide. 

For exfjcrimental pur])Oses, however, a less expensive battery 
may be used, that represented by Fiff. 289, made of copper and 
zinc, being sufficient. 

To gild by means of a battery, place the solution, made as 
above described, in a glass vessel, and connect the article to be 
gilded with the pole coming from the zinc side of the battery, 
letting the other wire, which should be tipped with a little piece 
of gold, dip into the solution. The gilding process will irame- 
diat*ly begin, and in three or four hours a good coat of gold 
will be deposited on the article immersed. 

To keep the solution quite pure, the tips of the poles wl\ere 
they dip into the fluid should be of gold. If they are of copper, 
a portion of the metal will be dissolved and injure the result. 

ELECTRO-FLATINO. 

369. The process of silvering copper, or the alloys of the 
metals, such as German-silver, is done on the same principle as 
that described for gilding, but there seems to be more difficulty 
in making the process succeed to the satisfaction of the artist 
than there is in depositing gold. 
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The foUowiBg is the method employed by Mr. Sumner Snuth, 
of this city, the most experienced electrotjrpe artist within our 
acquaintance. It will succeed perfectly in the hands of those 
who will follow the directions. 

Make a solution of cyanuret of potash in pure water, in the 
proportion of an ounce to a pint Having placed it in a glass 
vessel, prepare the battery for action as usual. Then attach to 
the pole of the silver, or copper side of the battery, a thin plate 
of silver, and immerse this in the cyanuret solution. The pole 
from the zinc side being now dipped into the fluid, the electro- 
chemical action on the silver plate instantly begins, and a rapid 
decomposition of the metal is effected, and in a short time the 
solution will be saturated with the silver, as will be indicated 
by the deposition of the metal on the end of the copper pole 
coming from the zinc side of the battery. The solution is now 
ready for use, but the remains of the silver, still undissolved, 
must not be removed before immersing the articles to be plated, 
since the solution is thus kept saturated. 

This solution is much better than that prepared by dissolving 
ihe silver separately in an acid, and then re-dissohdng in the 
cyanuret of potash as is usually done, for in the latter case the 
silver is apt to be deposited on German-silver, brass, iron, and 
other metals, without the galvanic action, in which.case it does 
not adhere well, whereas the solution made as above directed 
is not liable to this imperfection. 

During the preparation of the fluid, only a very small copper 
wire should be employed on the zinc side of the battery. 

The articles to be plated must be well cleaned before immer- 
sion. To effect this, dip them into dilute sulphuric acid for a 
few minutes, then rub them with sand or whiting, and rinse in 
pure* water. 

Now having exchanged the small copper pole of the zinc side 
of the battery, for a larger one of the same metal, tipped with 
silver, connect the article to be plated with this, the other pole 
with the silver plate attached 1)eing still immersed in the solution. 

The process must now be watched, and the silver attached to 
the copper side raised nearly out of the fluid, in case bubbles 
of hydrogen are observed to rise from the pole on^the other 
side, or iJhe articles attached to it. The greater the surface of 
silver in the fluid, the more energetic will be the action, short 
of the evolution of hydrogen"*from the other pole, but when this 
is observed, the decomposing silver must be raised so far out of 
the fluid as to stop its evolution. 
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By thii method a thick and dnrable coat of silver maj b« 
placed on old copper tea-pots, caadlesticks, or other vosaels of 
thia Bort, where the silvering has been worn off by long use. 

Description of the plates. — The following description of the 
plates, and explanation of the working of tlie caloric engine, 
waa furnished for Appleton'g Magazine by Capt, Ericsson himself, 
from which 'this is abridged. The plates are an esact working 
drawing of the stationary test engine, that being more available 
for illustration than the engines of the ship. 

a, Air receiver, h h, supply cylinder; e', self-acting valve for 
letting air into, aid e' e', self-acting valve for letting air out of 
the same, e, supply piston ; c', piston-rod of the &ame, con- 




Oaloric Engiiit. ' 

nected to the working beam of the engine, d d, working cylin- 
der ; d' d', holes at the junction of the two cylinders, through 
-which the atmospheric air passes in and out freely, e e, work- 
ing piston ; d" a", rods connecting the two pistons together. 
e' , lur-tight vessel suspended below the workmg piston, filled 
witli clay and charcoal, to prevent transmiesion of beat froip 
below, //, regenerator ; / , disks of wire-net placed veriie^y 
in the regenerator box. g, valve worked by the en^m foi »P 
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mittiDg air into the regenerator and working cylinder ; A, valve 
for letting* the air out of the same, i i, pipe, open to the at- 
mosphere, for carrying off the air after having passed through 
the engine ; k, fire-place. I m n, thermometers inserted to 
ascertain the temperature within, o, working beam, p, connect- 
ing-rod. q, crank. *, pipe from cylinder to receiver. 

Operation. — ^A slow fire being kept up at k for about two 
hours, until the parts within the brick-work shall have become 
moderately heated, the air receiver is charged with air by means 
of a hand-pump ; as soon as the internal pressure shall have 
reached about six pounds to the square inch, effected in less 
than two minutes, the hand-pump is stopped,, and the valve ff 
opened by a starting .lever ; the compressed air frona the re- 
ceiver, thus admitted under the valve ^, rushes through the 
partially heated wires /' into the working cylinder, forcing its 
piston e upwards, as als<» the supply piston c, by. means of the 
connecting-rods d^' d!' ; the atmospheric air contained in the 
upper part of 6 will, by this upward movement of the supply 
piston, be forced through the valve e" into the air receiver ; 
when the working piston has reached three-fourths of the fiill 
up-stroke, the valve g is closed by the engine ; and when the 
piston has arrived at the full up-stroke, the valve h is opened. 
A free communication with the atmosphere being thereby es- 
tablished^ by means c^ the open pipe % », the air under the 
working piston passes off, and, owing to the removal of pressure 
under the working piston, it will instantly begin to descend by 
its own weight. 

The heated air from under the working piston, in passing off 
through the wires /', gives out its calon'c to* the same so effect- 
ually, that, on reaching the thermometer m, the temperature 
never exceeds that of the entering air at / by more than 30° ; 
on the other hand, the cold air from the receiver, in circulating 
through the meshes of wir^ in its passage to the working cyl- 
inder, becomes so effectually heated that, on passing n, its tem- 
perature is increased to upwards of 450°, when the machine is 
in full operation. 

During the descent of the supply piston c, the outlet valve e" 
remains closed by the pressure from the receiver, whilst the In- 
let valve e' is kept open by suction, and hence that 2i fresh quan- 
tity of air enters the supply cylinder at each down stroke of its 
piston, and by the up-stroke is forced into the receiver. The 
i:egenerator measures 26 inches in height and width ; each disk 
of wire-net contains 676 superficial inches, and the net has 10 
meshes to the inch ; each superficial inch therefore contains 100 



niedies, which, multiplied by 676, (pvea 67,600 meshes to each 
diak ; 200 disks being employed, it follows that each regenerator 
contains 13,520,000 meshes, and, consequently, if we consider 
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ih&t there are as raany small spaces between the dislis as there 
are meshes, we shall find that the air within the regenerator ia 
distributed in 27,000,000 of minute cells. 

Jn explanation of the wonderful efficiency of the regenerator. 



it may 
leD^th, 



be stated that each disk contains 1140 feet of m 
and each regenerator 228,000 feet,or41^ miles of w 
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the superficial measuremetit of which is 2014 square feet, which 
is equal to the entire surface of four steam-boilers, foi^j feet loog 
and four feet diameter ; and yet the regenerator displaying that 
great amount of heating surface is only a two foot cube, less 
than hSd of the bulk oi «aid boilers. 

DAOUKRRKOTTPS. 

374. This branch of photography was the invention of M. 
Daguerre, an ingenious French artist, and is entirely independ 
ent of the art of taking impressions on paper, as above de- 
scribed. In that the pictures are reversed, in this they are in 
the natural position, and instead of paper, the picture is on 
silver. 

As an art, this is one of the most curious and wonderful 
discoveries of the present age ; for when we witness the variety 
of means necessary to the result, it would appear equally im-. 
probable that either accident or design could possibly have 
produced such an end by means so various and complicated, 
and to which no other art, (save in the use of the camera 
obscura,) has the least analogy in the manner in which the ob- 
ject is accomplished. 

This being a subject of considerable public interest, and, 
withal, a strictly philosophical art, we shall here describe all 
the manipulations as they succeed each other in producing the 
result, a human likeness. 

The whole process may conveniently be divided into eight 
distinct operations. 1st. Polishing the plate. 2d. Exposing it 
to the vapor of iodine. Sd. Exposing it to the vapor of bromine. 
4th. Adjusting the plate in the camera obscura. 5th. Exposing 
it to the vapor of mercurv. 6th. Removing the sensitive 
coating. 7th. Gilding the picture. 8th. Coloring the picture. 

1. Polishing the Plate, — ^The plates are made of thin sheets 
of silver, plated on copper. It is said that for some unknown 
reason the photographic impression takes more readily on these 
plates, than on entire silver. The silver is only thick enough 
to prevent reaching the copper in the process of scouring and 
polishing. 

The polishing is considered one of the most difficult and im- 
portant manipulations in the art, and hence hundreds of pages 
nave been* written to describe the various methods devised and 
employed by different artists or amateurs. 

We can only state here, that the plate is first scoured with 
emery to take off the impressions of the hammer in plenish- 
ing ; then pumice, finely powdered, is used, with alcohol, to 
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removie all oily matter, and after several other operations, it is 
finally given the last finish by means of a ^velvet cushion cov- 
ered with rouge. 

2. Iodizing the Plate. — After the plate is polished, it is in- 
stantly covered from the breath, the light, and the air, nor 
must it be touched, even on the edges, with the naked hand ; 
but being placed on a little frame, with the face down, it is 
carried to a box containing iodine, over which it is placed as a 
cover. Here it remains for a moment or two in a darkened 
room, being often examined by the artist, whose eye decides 
by the yellowish color to which the silver changes, the instant 
when tiie metal has combined with the proper quantity of 
iodine. This is a very critical part of the process, and requires 
a good eye and much experience. The vapor of iodine forms 
a film of the iodid of silver on the metal, and it is this which 
makes it sensible to the light of the camera, by which the pic- 
ture is formed. If the film of iodine is too thick, the picture 
will be too deep, and dark ; if too thin, either a light impres- 
sion, or none at all, will be made. 

3. Exposure of the Vapor of Bromine. — ^Bromine is a pe- 
culiar substance, in the Hquid form, of a deep red color, ex- 
ceedingly volatile, very poisonous, and having an odor like 
chlorine and iodine, combined. It is extracted from sea water, 
and the ashes of marine vegetables. 

This the photographic artists call an accelerating substance, 
because it diminishes the time required to take the picture in 
the camera obscura. 

The iodized plate will receive the picture without it, but the 
sitter has to remain without motion before the camera for sev- 
eral minutes, whereas by using the bromine, the impression is 
given, in a minute, or in a minute and a quarter. .Now as the 
least motion in the sitter spoils the likeness, it is obvious that 
bromine is of much importance to the art, especially to nervous 
people and children. 

The bromine is contained in a glass vessel closely covered, 
•and is appUed by sliding the plate over it for a few seconds. 

4. Adjusting the Plate in the Camera. — The plate is now 
ready for the photographic impression by means of the camera. 
If a likeness of a person is to be taken, he is already placed 
before the instrument, in a posture which the artist thinks will 
give the most striking picture, and is told that the only motion 
he can make for a half a minute to a minute, is winking. 

The artist now takes the plate from a dark box, and undei 
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cover of a black cloth fixes it in the focus of the leils. This is 
done in a light room, with the rays of the sun diffused by 
means of white curtains. 

The artist having left the sitter for the specified time, returns, 
and removes the plate for the next operation. Still, not the 
least visible change has taken place on the bright surface of the 
silver. If examined ever so nicelj, no sign of a human face is 
to be seen, and the sitter who sees the plate, and knows nothing 
of the art, wonders what next is to be done. 

6. Exposure to the Fumes of Mercury, — ^The plate is next 
exposed to the fumes of mercury. This is contained in an 
iron box in a darkened room, and is heated by means of an 
alcohol lamp, to about 180 degrees, Fah. The cover of the 
box being removed, the plate is laid on,- with the silver side 
down, in its stead. 

After a few minutes, the artist examines it, and by a faint 
light now sees that the desired picture begins to appear. It is 
again returned for a few minutes longer, until the likeness is 
fully developed. 

If too long exposed to the mercury, the surface of the silver 
turns to a dark ashy hue, and the picture is ruined ; if re- 
moved too soon, the impression is too faint to be distinct to the 
eye. 

'6. Hemoval of the Sensitive Coating. — The next operation 
consists in* the removal of the iodine, which not only gives the 
silver a yellowish tinge, but if suffered to remain, would darken, 
and finally ruin tfie picture. Formerly this was done by a 
solution of common salt, but experifnent has shown that the 
peculiar chemical compound called hyposulphate of soda^ an- 
swers the purpose far better. This is a beautiful transparent 
crystalized salt, prepared by chemists for the express purpose. 

A solution of this is pour^ on the plate until the iodine is 
entirely removed, and now the picture, for the first time, may 
be exposed to the light of the sun without injury, but the plate 
has still to be washed in pure water, to remove all remains of 
the hyposulphate, and then heated and dried over an alcohol 
lamp. 

7. Gilding the Picture, — ^This is called, fixing, by the chlo- 
ride of gold. 

Having washed the picture thoroughly,. it is then to be placed 
on the fixing stand, which is to be adjusted previously, to a 
perfect level, and as much solution of chloride of gold as the 
nlate can retain, poured on. The alcohol lamp is then held 
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under all parts of it successively. At first the image assumes 
a dark color, but in a few minutes grows light, and acquires an 
Intense and beautiful appearance. 

The lamp is now removed, and the plate is again well washed 
in pure water, and then dried by heat. 

feefore gilding, the impression may be removed by repolish- 
log the plate, when it is perfectly restored ; but after gilding, no 
polishing or scouring will so obliterate the picture, as to make 
It answer for a second impression. Such plates are either sold 
for the silver they contain, or are re-plated by the electrotype 
process. 

8. Coloring the Picture, — Coloring daguerreotjrpe pictures 
18 an American invention, and has beeii considered a secret, 
though at the present time it is done with more or less success 
by most artists. 

The color consists of the oxyds of several metals, ground tc 
an impalpable powder. They are laid on in a dry state, with 
8oft camel-hair pencils, after the process of gilding. The plate 
is then heated, by which they are fixed. This is a very deli- 
cate part of the art, and should not be undertaken by those 
who have not a good eye, and a light hand. ' 

The author is indebted to Mr. N. G. Burgess, of 192 Broad- 
way, New York, for much of the information contained in the 
above account of the daguerreotype art. Mr. B. is an experi- 
enced and expert artiiut in this line. 

morse's electro-magnetic telegraph. 

875. The means by which Mr. Morse has produced his won- 
der-working and important machine, is the production of a 
te mpo rary magnet, by the influence of the galvanic fluid. 

We have already described the method of making tempo- 
nury magnets of soft iron, by covering the latter with insulated 
copper wire, to each end of which the poles of a small gal- 
vanic battery is applied. 

The description of Fig, 28*7, with what is said before on the 
idbject, will inform the student how the power is obtained by 
whi6h the philosopher in question has brought before the world 
such wonderful and unexpected eflects. 

The machine itself is sufficiently simple, and will be compre- 
hended at once, by those who have made electro-magnetio 
experiments, by the annexed diagram and description. 

The "temporary magnet A, Fig, 294, enveloped with its insu- 
lated copper wire, is fastened to the wooden firamd B G, by 
means of cords or otherwise. 

IT 
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This frnrae also sapporta the standaiii H, wbich sustains the 
ruvolvin^ drum F, on which the paper to recpjve the emblem- 
»tjcal al|ihab«t u fixed, M heing the edge of the pa|«r. 

To ihe arm G, is appended tne lever C, of wood, which has 
n slight vertical motion, in one direction \sj the steel spring D, 
and in the other, by the armature of soft iron E. 

The two poles of the magnet rest in two httle c 



cnry, I 






t also to be plunged the poles <: 



the n 



cetic battery, (not shown in the drawing,) of which P is the 
positive, and N the negative. The steel point I, atUiched to the 
lever, is designed to mark the telegraphic alphabet on the paper. 

Having thus fj.\ lained the mechanisni, we will now iihuw in 
what manner this machine acts to convey inteUigei ice from one 
part of the coimtry to anolier. 

It has already been exp*'"'''' t''*' when a bar of soft iron 
■urroundf'd by insulated eopper wire, as shown at A, hjs Its two 
poles connected with the polee of a galvanic battery, the iron 
instantly becomes a magnet, but returns to its fonuer-atate, 
or ceases to be magnetic, the instant the connection between 



s not necssary tbat both of the 
't being broken by the sepji- 



To break the connection, it is 
poles should be detached, the 
ratjon of one only. 

Supposing then_that N and P are the poles of such a liat' 
te^, on placing N into the cup of mercury, the wiree from the 
■oft iron being abeady there, Uie armature E is instantly at- 
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tracted, which brings the point I against the paper on the re- 
volving wheel F. If N is instantly detached after the point 
strikes the paper, then 6nljr a dot will be made, for the mag- 
netic power ceasing with the breaking of tho circuit, the spring 
D withdraws the point from the paper the instant the pole 
is removed. 

If a line is required in the telegraphic alphabet, then the 
pole is kept longer in the vessel of mercury, and as the alphabet 
csonsists of dots, and lines of different lengths, it is obvious that 
writing in this manner <»n not be difficult. The understanding 
of the alphabet is another matter, though we are informed that 
this may be done with facility. 

The marks of the point I, are made by indenting the paper, 
the roller on which it is fixed being made of steel in which a 
groove is turned, into which the paper is forced by the point. 
The paper is therefore raised on the under side like the printfcig 
for the blind. 

The roller F is moved by means of clock-work,, having an 
uniform motion, consequently the dots and lines depending 
on the time the point is made to touch the paper, are always 
imiform. 

Now with respect to the distance apart at which the tem- 
porary magnet and writing apparatus, and the battery are 
placed, experiment shows that it makes little difference with 
respect to time. Thus, suppose the battery is in Hartford, and 
the magnet in New York, with copper or iron wires reaching 
from one to the other. Then the telegraphic writer at Hartford, 
giving the signal by means of an alarm bell, that he is ready to 
communicate, draws the attention of the person at New York to 
the apparatus there — the galvanic action being previously broken 
by taking one of the poles from the battery at Hartford. 

K now we suppose the letter A is signified by a single dot, 
he at Hartford dips the pole in the cup of the battery, and in- 
stantly at New York the soft iron becomes a magnet, and a dot 
is made on the paper, and so, the rest of the alphabet. 

The wires are carried through the air by being wound around 
glass caps supported by iron L shaped arms, which are driven 
into wooden posts about 20 feet from the ground. These posts 
ore erected for this purpose chiefly on the railway lines from 50 
to 100 feet apart. 

VELOCmr OF electricitt. 

876. The long experience of the oflBcers of the United States 
government on the coast survey. With telegraphic lines, 1m»"* 
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«Diibled them to measure the velodtj of the galvanic current 
with oncomiaoii accuracy. fVom experiments and calculations 
thus made, it appears tluit its velocilf is about fifteen thousand 
fimr hundred mtlesper mcond. 

The period of its transit between Boston and Bangor, was re- 
oentlj measuced, and the result was, that the time ocowied in 
its passage, was te one hundred and sixtieth of a second, Ac- 
oording to this experiment the velocity is at the rate of 16,000 
miles per second, which it appears is about 600 miles per second 
more than the estimates nuuie on the coo^t survey. — Anntial 
Scientific Discoveries, 

Telegraphs in the Country, — ^According to a recent estimate, 
the kngth of telegraphic lines in the country, in actual opera- 
tion, is not fax from 15,000 miles. 

The most remote points in communication are Quebec and 
New Orleans ; their distances apart, following the circuitous 
ffoutes of the wires, being about 3,000 miles. 

J!/uffiber of Stations, — ^The number of towns and villages ac- 
commodated with stations, and from which, therefore, intelli- 
gence by telegraph, from one to the other, or from one to aU 
uie others can be interchanged, are between 450 and 500. 
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877. This instrument, one of the wonders of our time, printf> 
all communications in Roman capitals, and that much more 
rapidly than the most expert compositor. 

To go into a description of all its parts would probably so 
sonfuse the mind of the reader, that in the end none of it would 
be understood. We shall, therefore, describe only such poriiona 
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of the machineiy as are necessary to show how the result is 
produced. 

In the first place, when a communication is to be made froni 
one city to another, notioS is given, by an electrical current on 
the wires, which occasions a vibration of a part of the ma- 
chinery, and by which the attendant knows that a message is to 
be sent At every station there is an electrical battery, con- 
sisting of 12 or 14 cups, the power most ooaimonly used being 
that known as Grove's battery, a description of which may be 
seen in another place. 

The forms of all visible parts of the instrument are shown by 
Fig, 295. That portion by which the printing is performed 
consists of a soft iron, or electro-magnet contained in the cylin- 
der A, of an escapement B, moved by condensed air, by means 
of the pump G, above which is seen the band by which that 
part of the machinery* is turned; D is the printing apparahiS^ 
the projecting portion being the lever ; £ is the inking band, 
by which the type are inked for printing ; F is a strip of paper 
for printing. 

* FIG. 295 




Boum?9 PrhUing T^ropk, 

This engine is moved by a boy, who turns the wheel by the 
lever shown, and by which air is condensed by the pump G, and 
by the force of which, the printing portion of the machineiy is 
actuated. 
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The acdon of the electridtj in this telegraph is merelj to 
produce a correspondence of motion in the machinery at the 
different ends of the line. All the mechanical results are pro> 
dttoed by local, mechanical power, connected with the printing 
«>paratu8 at each station, where manual force is employed for 
this purpose. 

378. The letters on the keys, moving by the touch like those 
of the piano, are the instruments by which the different lettem 
are, one by one, printed from one station to the next. Thus 
one letter of the 26, on the different keys, will be printed at the 
other end of the line, when that letter is depressed. This is 
done by conrerting a piece of soft iron into a magnet at the 
next station, on the principle already explained and illustrated, 
in the description of Morse's telegraph, only that the letter, 
instead of the point, is made -to act or advance. 

This is a most complicated* machine as a whole, though its 
different parts are sufficiently simple. The effect, though the 
means are so difficult to understand, is highly curious and inter-^ 
esdng, as it prints Roman capitals at the rate of 150 or 200 in 
a minute. This is done on strips ef paper an inch wide ; and 
when in operation, any one may print a sentence, a& his own 
name, by touching the keys on which the letters are placed* 
which spells the sentence. 

FBINTINQ PRESS. 

378. It is said that the Chinese printed from blocks of wood, 
with letters engraved on them, before the Christian era. 

But the'^rst printing on metallic type, was executed on the 
celebrated Mentz Bible, it about 1460. The next specimen of 
printing known was the Psa-lter, done in Germany, in 1457. 

It is said that these books are printed in such a style of 
beauty and finish, as to command the astonishment of all 
printers who behold them, an<^' that even at the present day, 
with all our boasted inventions and improvements in the arts, 
it is difficult to imitate, and hardly possible to excel, these as 
Bpedmens of work in the art of printing. 

Of the mechanical means by which printing has, been, and 
still is performed, many singular atid curious examples might 
be described, but our limits will only admit descriptions of two 
figures, representing Ramage's press and the cylinder press. 

87j9. Baxnag^s Press. — ^This press was that most commonly 
used on both sides of the Atlantic, until within the last 20 years. 
In addition to this, the Stanhope and Smith presses were used 
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iit'EDgland, and the Clrmer and Washington in this country. 
These may be considered as varieties of the Ramage ; and their 
description would possess no interest, except to the antiqiwtfid 

iirinter who had worked Bt them with the iBking balls, now 
ong since disused, as tre shall see. 

The Hamage press is repra- no. S9s. 

gented by Fig. 296, and will be 
understood by the following de- 
Bcription : The cheeleg A A, are 
the sides of the wooden &ame 
which supports the other parts, 
and sustiiins the force of the 
BCrew by which the impression 
is made. The bed B, is that 

part on which tlie ty;ie are laid .™^_™,,^ 

for printing. The ball C is seen Ramage't Pram, 

on a little' shelf, called the rack, 

made for that purpose. [This will be described hereafter.] 
The frisket, F, turns do«Ti, and confines the sheet on the ttpn- 
pan. The bar or lever L, turns the screw by which the forc« 
is given and the impression on the type made. The platen, P, 
fa fastened to the lower end of the Screw, being the part by 
which the impression is made. It is of cast iron, about two 
fei't square, thick at the center, and strong, so as to give a 
heavy force. The tympan, T, is covered with parchment to re- 
ceive the sheet, confined by the frisket, and then run under the 
platen to be print«d. 

AHi<m. — The type bein§ set, and locked firmly in an iron 
frame, called a/orni, this is l^d on the bed, and the type inked 
by the balls ; the sheet is nest laid on the tvropan, and covered 
by the frisket, which has open spaces for the pages, as seen in 
the figure. The type and shejjj spread over them, are then 
moved under the platen by the action of a lever, connected 
with a wooden cylinder, surrounded by leather straps, and called 
the rounce. The impression is then made by pulling the lever, by 
the action of which, on the screw, the platen is forced upon the 
paper, and this on the type. The bed is then " run out," the type 
again inked by dabbing with the balls, and Uie whole is again 
ready Vo be run in for another impression, and so on to the 



380. The former method of distributing the printing ink on 
he type, consisted iu the use of a pair of balli, represented by 
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Inking BoBt. 



Fig. 207. These were made of fig. vr, 

•beeps' skin, undressed, and tech- 
nically called pelU — ^were six or 
eight inches in diameter, stuffed 
with wool, and furnished with wood- 
en handles. 

One of these being struck on the 
boardT where the ink, a httle thicker 
than cream, was spread, took up a 
small qiiantity, which, by turnmg 
the balls sUUfuUy on each other, 
was equally spread over both. They 

were then taken, one in each hand, and daJbhed^ or rapidly 
struck on the type, until the ink was nicely distributed over 
their faces, and thus they were made ready to give an imprea> 
•ion. This was a critical and laborious operation, requiring 
much experience and a strong arm, like that of a blacksmith, in 
order to cover the type speedily and equally with the ink. 
[Printer's ink is made of oil and lampblack.] 

381. Invention of the JRoller.-r-The ancient method of inking 
the type, as above described, was destined to give place to an 
improvement, which, among printers, formed an era long to ba 
remembered. 



FIO. 298. 




Inking Rutter. 

( 

lliis was the invention of ihe roller which is composed of 
molasses, glue^ and tor, intimately mixed and combined by heat 
This composition has all the qualities to be desired for this pur- 
pose, namely, softness, elasticity, and readiness to receive and 
mipart the ink. This being cast into a cylinder, on a wooden 
support, and fitted to an iron frame, with handles, as shown by 
F^. 298, form the important instrument in question. 

Rollers have also been made of India rubber. 

As the ends of the support revolve easily in the frame, all 
that it is necessary to do to spread the ink on the tJirpe, is first 
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to pass the roller a few times over the hoard on which the ink 
is spread, and then revolve it over the type two or three 
times. 

This invention completely obviated the most laborious and 
unpleasant portion of the art of printing by hand ; and in ma- 
chme printing, these rollers are so absolutely indispensable, that 
without them that mode of printing, without which the world 
would now remain in comparative ignoranoef would have to be 
relinquished. These rollers are from two to eight inches in 
diameter; and for machine work, from three to six feet in 
length. 

4 

DOUBLE CYLINDER PRINTING MACHINE. 

882. This printing press, when compared with the ancient 
or former one of Ramage, already described, will be seen to 
present an entirely new invention, or series of inventions ; for 
many years were consumed in devising and adapting its several 
parts to each other, and bringing it to the state of perfection is 
which it now exists. 

Instead of printing, as did the hand presses in old times, 
2,000 copies a day, by means of ten hour's hard labor of two 
men, this engine, driven by steam, will, with the help of two 
boys to fix the sheets in their places, print from 3,000 to 6,000 
sheets per hour, or from 30,000 to 60,000 copies per day. 
Such are the improvements in printing machines within the last 
twenty years. 

283. Description. — ^This is a length, or side view of the ma- 
chine ; the length of the printing cylinders and inking rollers 
being about four feet. The length here shown of the whole 
machine, is from 8 to 10 feet-, and the height to the upper 
cylinder 4 feet. i / 

The ink, about the consisteqbe of cream, is taken from the 
trough, which is of the length', of the small, rapidly revolving 
roller, by which it is taken up, ^and from it is taken by adhe^ 
sion to another and larger roller, from which it is derived by 
the type, over which it passes with a reciprocating motion. 

At, or during each impression, the ink on ♦he type is re- 
newed by the continually revolving rollers. Thus, while this 
engine is in action, being generally moved by steam, nothing 
more is necessary than to supply the ink by putting it in the 
trough, and to place the ends of the sheets under the revolving 
cylinders, which latter work is done by two boys, as shown by 

the cut. 

17* 
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384. The parts of the press shown by the Fig, 290, are 
marked as follows : The bed A, on the left, corresponds to the 
same part in the hand press already explained. This has a re- 
cipi coating or in and out motion ; the type which rest on it, 
b«ing alternately run out to be inked, and run in to be printed. 
The revolving cylinders B B, receive the paper and press it 
upon the type, by which it is almost instantly printed. The 
cam C moves the flies D D, by which the printed sheets are 
carefully laid away in a pile. This movement is communicated 
by the cam to the flies, by the long iron bar seen on the left. 
The pulley E, moved by a strap connected with the steam 
power,. gives motion to the entire machine by means of gearing. 
The revolving wheels G G, give motion to the cylinders and 
inking rollers; The tape wheels, so called, H H, are the wheels 
over which run tape bands, not shown, which convey the printed 
sheets, from the form to the flies. The printed sheets shown at 
I, have been laid off by the flies, and are ready for circulation, 
or the bindery, as the case may Jbe. 

[The author has thus tried his be^t to give an idea of print- 
ing presvses to those who never saw them ; but he would advise 
all those who dpsire to know how printing is done, especially by 
a cylinder press, to go and see witii their own eyes, which they 
can do now in nearly every village in the country.] 

sharp's rifle. 

885. This is undoubtedly for the purpose designed, the most 
perfect and efficient single instrument of destruction ever in- 
vented : and of which, we here propose to give such a descrip- 
tion, with illustrations, as to make all its peculiarities readily 
understood. 

The barrel is about 22 inches long, and the bore of the dse 
to admit round balls of 32 to the pound ; but being elongated, 
or acorn-shaped, the number iu only 18 to the pound. 

This rifle loads at the breech, the form of the ball inclosed in 
its cartridge being shown at A, Fig, 300, introduced into its 
place. 

The slide B, which ^kes the place of the breech pin in other 
guns, is a solid piece of steel, represented depressed for the in- 
troduction of the ball. The cone E, is that part on which the 
percussion cap, or its substitute, is exploded, and which in- 
flames the charge in the gun. • 

The manner in which the breech slide is depressed, will be 
understood by the section. Fig, 301, where D is the lev«r by 
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Sharp's Rifle. 

which it is drawn down for the introduction of the ball, and 
then elevated preparatory to the discharge. The upper and 
anterior portion of the slide, has a cutting edge, seen above B, 
Jf^iff, 298, which separates the end of the paper cartridge, thus 
exposing the powder to the action of the percussion priming, by 
which it is inflamed and the gun discharged. 

386. The Priming. — The former mode of discharging this 
rifle was hj means of Maynard^s patent priming, which con- 
sisted of kernels of percussion powder, inclosed in varnished 
paper. But this mode the • ii^ventor of the rifle foiind objec- 
tionable on several accounts, and especially as it became useless 
on expo^'ure to moisture. 

He therefore invented a new, and an entirely original mode 
or ^.'^'ning, which has been recently patented, and which he 
has allowed the author to figure, and explain for the use of this 
work. 

This consists of the tubt A, Fig, 300, of iron, about the one- 
fifth of an inch in diameter and two inches long, called the 
magazine. In the lower part of this is a spring, above which 
are the priming discs, consisting! of thin, round envelopes of cop- 
per, containing the percussion powder, completely protected 
n'om moisture, so that they msh remain under water for hours, 
or weeks, without damage. ^ • 

Each tube holds 60 of thes^ primers, one of which is forced 
up against the slide C by the spring. When the hammer is 
drawn to the back notch, the slit B, working on the arm of the 
$lide C, which is fastened to the plate of the lock, draws it 
back from over the tub5 A, and admits one of the percussion 
discs in front of the slide at C, and by which, when the trigger 
is pulled, it is thrown forward, between the face of the hammer 




and the cone, where it U instantly explode<l, snd t^e dfle dis- 
charged. 

One of the most singular and curious results of this mechan- 
ism, is, that the percussion disc is struck, as it were, " on the 
wing," or while it is flying between the hammer and the cone ; 
and yet it never fails to explode in the proper place and di»- 
(dtarge the gun, let its position be vertical or horizontal. 

387, Prarlieal effecU of this Rifle. — We have seen this arm 
fired at a target at the several distances of 300, 600, 600, and 

- 700 yards, being respectively 900, 1,600, 1,800 and 2,100 feet 
The target was a pine board 30 inches square, and by the 
inventor was hit on the average, twice out of three shots. 

By experiments and calculations lately made in France, it 
was found tbat a man, at the distance of 1,638 feet, appears tA 
the naked eye only one-6fth his real size, and therefore, by this 
estimate, a target of 30 inches in diameter, at the distance of 
2,100 feet, appears less than mx inches square, a small object 
truly in practice, and requiring an accuracy of aim so minute, 
that the tenth of an inch in the direction of the sight, would 
carry the ball far aside of such a mark, and yet it was pierced 
twice out of three shots. 

388. Adjusted Sight. — This rifle has an adjusting sight, 
which is elevated, or depressed and fixed, according to the dis- 
tance of the mark. All the shots were made, with the gun in 
the hands, or without a rest, and also, wiUi the striking pecu- 
liarity of being placed on the left shoulder. 

F-ital at the Dintance of a Mile. — Although in the above 



398 sharp's kiflb. 

trial, the distance was only 700 yards, tbe inventor has proved 
by experiment, that this rifle throws its ball with a force equal 
to the destruction of human life to the distance of a mile. 

In battle, therefore, the approaching enemy can be effectually 
assailed with tliis arm, at that distance, the aim, of course, being 
more and more sure, as the distance diminishes. 

Number of Balls Throton. — ^The rapidity with which this arm 
may be loaded and fired is such, that if one ball be sent along 
the surface' of water, another may be made to follow before the 
first ceases- its motion. 

The inventor loads and fires it ten times in a minute; but 
estimating that in battle the number of balls fiired by each sol- 
dier would \>Q only six in a minute, then 1,000 men would dis- 
charge 6,000 in a minute, or 360,000 in an hour. 

38£. Invention of Gunpowder. — In Europe, the invention of 
gimpowder is attributed to Roger Bacon, who died in 1292; 
but it seems to have been known to the Chinese long before 
that period. 

The first account of its use in European war,- was at the bat- 
tle of Cressy, in 1346, and from that time it superseded, chiefly, 
all other means of destruction on the battle-field. 

Effects of this Invention. — There is no doubt but this inven- 
. tion has proved a humane — a merciful discovery in the art of 
war. 

Before its use, the instruments of death in battle were the 
barbed arrow, the halbertand spear, various kinds of swords, 
and the war-club. , 

The combatants fought hand to hand, each one trying to in- 
flict the most cruel tortures on the other; and, indeed, the in- 
struments employed, were much better calculated for this pur- 
pose, than for the infliction of sudden and quiet death. 

On the contrary, gun-shot wounds, when not instantly fetal, 
afford a prospect of recovery, while those made by the oarbed 
arrow and spear, more commonly portend a miserable death, 
after protracted agony. 

Besides, if we examihe the accounts of ancient battles, we 
shall find, that including the carnage on the field, and the num- 
ber who died of their wounds afterward, the destruction of 
human life, where an equal number were engaged, was much 
greater than it was, after the invention and use of gunpowder. 

390. Conclusion. — Although there is no doubt but the use 
of fire-arms, in warfare, has heretofore diminished the horrors 
of the battle-field, this circumstance, as history informs us, has 
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had BO influenoe on our species, ei^cept to foster an increasing 
desire to render the instruments of death more and more per- 
fect, so that in the day of battle, the carnage should be as sud- 
den and as great as possible. And hence, within a few years, 
great iraprovements have been made on fire-arras in France, 
England, Germany, and America, all tending of course, to the 
increase of their destructive effects. 

The inventors of these improvements in the arts of human 
destruction, are by no means considered by political, or even 
by moral and religious writers, as enemies of the human race, 
but are viewed, at least, by many such, as the pioneers of uni- 
versal peace, i^ indeed, fallen man should ever cease to learn 
and practice the art of war. 

391. Settlement hy Arbitration Improbable, — ^The history of 
man affords no foundation for the belief that national quarrels 
will be settled by the intervention, or arbitration of other nations, 
and hence, there can be little doubt, if the moral and political 
condition of the world remain as heretofore,' that "nation will 
continue to lift. up its. arm against nation,*' and that the time 
when " man shall learn war no more," is not at hand, unless 
indeed, it should be by the approach of the milleniura. 

Under this view of the case, the only prospect' of universal 
and permanent peace, is in such a degree of perfection in the 
art of war, that certain death awaits at least five out of six of all 
who enter as combatants on the field of battle ; and in naval war- 
fare, an equal proportion of ships shall as certainljfc be buried 
in the okjean. 

Until such a state of things exist, men will continue to en- 
gage each other in mortal strife ; and it is on this account 
2iat moralists of the present day, look witli favor on the im- 
provements in fire-arms, knowing that die paramount design of 
all such inventions is to render escape more difficult, and death 
more sudden and certain on the battle ground. 

Nor is it probable that the time is far distant, when at least 
ten will fall on the field, where with an equal number of com- 
batants, only one fell 30 years ago ; the result being solely firom 
the more deadly power of the fire-arms employed. 

The author having served as surgeon on the frontier, in the 
U. S. Army, in the war of 1812-15, is able to appreciate, in a 
measure, the difference between the destructive power of the 
fire-arms then furnished by the government, and those now to 
be introduced into the Army of the United States. 

892. Contrast between Old and New Arms, — ^To those wko 
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have examined this subjecty and are acquainted with the arms 
employed formerly, and those now going into general use, it 
will not be considered an over estimate to suppose, that 100 
men armed with Sharp's rifle, and Colt's revolvers, would com- 
mit greater carnage, on the battle ground, than 1,000 men 
could do, with the flint lock, government muskets, in former 
tise. 

393. Who indeed will enlist into a military service when he 
knows that his enemy will oppose him with messengers of death, 
at the rate of 600 per minute, or 36,000 per hour, for every 
100 men, and this at the distance of a mile, or less ; and with 
the same number of such messengers, in half that time, when 
within any distance between 20 yards, and the reach of the ' 
bayonet; which will be the case when armies are supplied with 
Sharp's rifles, and Colt's revolvers. 

From such sources only, according to the present aspect of 
the nations of the earth, can we look for permanent peace. 

colt's rbpbatinq nsiM.. 

304. This celebrated fire-arm has been brought to its present 
degree of peifection, only after years of experience, trial, and 
invention, by the original patentee Col. Samuel Colt, of Hart- 
ford, Conn. 

An account of this weapon is introduced here, as an inven- 
tion with »which all the civilized nations of the earth, are now, 
or are soon, to become acquainted. 

As Americans, therefore, we are bound to know something, * 
at least, of the history and mechanism of so important an 
invention. 

The examination and trial of Colt's revolvers at the World's 
Fair, and the award passed upon them there by the best judges, 
and the most experienced military men of the age, are ample, 
and sufScient proo& that this, for the purpose for which it is 
designed, is the most efficient and perfect fire-arm ever invented. 

The immense demand for the article in foreign countries, as . 
well as in our own country, evinces, also, that no substitute 
exists for this weapon. 

About 400 artificers, we understand, are employed in theiz 
manufacture, which number, it is stated, is to be increased to 
1000, in order to supply the demand. 

The United States government have adopted Colt's repeat- 
ing pistol, as the best weapon known, for mounted men, both 
for offensive and defensive use. And in the Mexican war, no , 
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officer who oonld obtain a revolver, ever went a day without 
one, and those who could not, often considered their lives in 
peril, in consequence. 

395. In 1851, the President of the United States in a mes- 
sage to the Senate, states, that 

*^ Such is the favorable opinion entertained of the value of this 
arm, particularly for mounted corps, that the secretary of war 
has contracted with Mr. Colt, for four thousand of his pistols," 
without waiting a special appropriation of Congress. This 
contract, of course, was confirmed by the Senate. 

Such is considered the importance of this arm as a weapon 
of defence, that the military committee of the House of Rep- 
resentatives, recommend that it should be furnished to emi- 
grants, as the following shows. 

" We, the undersigned, members of the military committee 
of the House of Representatives, understanding that an appli- 
cation is pending before your committee, favorably commended 
by the ordnance department, for the purchase of a suitable 
number of Colt's [listols, and authorinng the department to 
furnish the same to emigrants at government prices, and to de- 
liver the same to the States, under the act of 1808, for arming 
the militia, recommend the ^ame to your favorable considera? 
tion, and believe that such a clause in the army bill would be 
desirable and proper." 

Signed by the committee, nine in number, January, 1861. 

' 396. Description of Colt's Pistol. — Why these arms are 

called revolvers^ and by what means they are made the most 

efficient of 6re-arms, for certain purposes, will be understood 

by Fig, 302, and the following explanation. 

The letters by 
which the principal ^ ^®- *^ 

parts of the pistol 
are denoted, are the 
following, as seen on 
the out. The barrel 
B, is from three, to 
eightinchesin length 
aooording to the size cuf*t pum. 

and design of the 

pistol. The cylinder C, is the part which revolves, and from 
which the arm takes its distinctive name. The mechanism 
which the rotary motion is performed, can not be shown 
nngle figure. The cylinder is p^prced with sis^ apertureSy C 
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chambertj each of which, when readj for action, contains a 
charge of powder and a ball. Caps are then put on the tubes^ 
corresponding to each charge, and now the arm is ready for the 
discharge of six balls, as rapidly as the hammer can be drawn 
to the back notch and the trigger puHed. 

The hammer H, being drawn back to where it now stands, is 
made to strike, with its &ce, the cap on the tube, by which it 
is exploded, and the pistol discharged. Then on drawing the 
hammer back for another discharge, the mechanism makes the 
cylinder revolve one notch, by which the next cap is brought 
.mder the hammer, and by pulling the trigger is discharged, 
and so of all the other charges. The trigger requires no expla- 
nation, being in all tire-arms the same. The ramrod R, is con- 
nected with the lever L, by the united action of which, the ball 
is pushed down the chamber to the powder. 

397. Having explained the references, we will give tho 
inventors own directions for loading, <fec. 

" Draw back the hammer to the half notch, which allows the 
cylinders to be rotated ; a charge of powder is then placed in 
.each chamber, and ther balls, without wadding, or patch, are 
put, one at a time, upon the mouths of the chambers, turned 
under the rammer, and forced down with the lever below the 
mouth of the ckamber. This is repeated until all the cham- 
bers are loaded. Percussion caps are then placed on the tubes, 
when, by drawing back the hammer to the full catch, the arm 
is in condition for a discharge by pulling the trigger ; a repeti- 
tion of the same motion produces like results." 

When this arm is prepared, therefore, all that is required in 
defence, or in action, is to draw back the hammer, and pull the 
trigger, until the six^balls are discharged, which is done in less 
than half a minute. 

MC cormick'b reaper. 

398. The principal^ or cutting apparatus of this famous ma- 
chine, is shown by Fig, 303. The entire machinery, consisting 
no4 only of the four wheels on which the whole rests, but also 
of bands, cranks, cog-wheels, driver's seat, and platform for the 
grain — the whole being connected and supported by braces in 
all directions ; it is obvious, is too complicated an engine for 
the purposes of a school book. 

Nor are these parts necessary to show the mystery, in which 
the public are chietiy interested, viz., how it is possible that a 



icaoouuoK'i Kuns. 




machine drawn by horsea, can do what only the bauds of man 
have heretofore performed with the sickle and cradle. 

The above drawing is designed merely to illuatrate and ex- ' 
plain this wonder. 

The angular pointed projectioiifl, marked by DnmbeTS 1, 2, 3, 
4, and 5, are called i]ie_fingeri. Tliey are firmly driven into a 
beam of wood', a( the distance of 4i inches frata the center of 
ooe to that of tlie other, and their length is ahout the same 
number of inches. They are of cast iron, without cutting edges. 

At the base of the fingers, and between their angles, are seen 
the sickles, angular in form, and composed of sections of steel 
plate rivpted to an iron strap, about an inch wide, which strm 
IS movable (o the right and left on the beam of wood into whicn 
the tingera are driven. 

399. The sickles have thin cntting edges, which are finely 
serrated, similar to a common uckle, the teeth standing right 
and left from the center or angle of each. 

While the Sogers are fixed to the beam, the sickles have a 
reciprocating motion of about 4 inches, alternately to right and 
left by means of a crank, turned by the force of the wheels, b\ 
which the whole machine is moved. 

This is the effective or cutting portion of McCormick's. reaper. 
All the other parU are adjuvants to this, being the means by 
which this is moved and actuated. 

The divider A, is a piece of iron which extends ■ forward of 
the fingers, and is designed to separate the grain to be cut from 
that which is to be left stajiding. This, as its shape indicates, 
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bend"* the grain to be cat inwards, leaving that whicli remains 
in a well-defined and perfect line, nntil the return of the reaper. 

The strip of wood, B, fastened to the beam on which the 
sickles work^ show where the -force, by means of horses, is ap- 
plied, and by which the whole is drawn on four wheels of mod- 
erate size. 

400. Action of the Reaper, — ^It will be observed that the 
efiective or cutting portion of the machine, extends to the right 
of the place where the moving force is applied, and hence tibat 
the horses work on the side of the standing grain. 

The grain, therefore, is cut by beginning on the outside and 
going around the field, the horses passing that which has been 
cut, while the sickles extend about six feet into that which is 
standing. 

The cutting is performed by the aitemate, or reciprocating 
motions of the sickles against the grain, which is kept from re- 
ceding by the oblique, angular form of the fingers, as shown 
by the figure, after the inspection of which, no further descrip- 
ti<» will be required to show how the operation is performed. 

As the grain is cut, it falls upon a platform, where a man 
stands, with a rake, to gather and remove it to the outside of 
the machine, and where it is bound by men who follow for this 
purpose. Thus the way is cleared for the return of the horses 
and reaper. 

It is stated that the fields of wheat thus cut, present a very 
smooth and, to the eyes of the farmer and others, beautiful ap- 
pearance — the stubble presenting s leyel and even surface 
throughout. 

The inventor of this rea^r not only received the highest pre- 
mium at the World's Fair, in England, but also the gold medal 
in the States of Ohio and Illinois, for the most complete, and 
~ working machine of this kind presented. 

is stated that such is the demand for this reaper, that sev- 
thousands wiU probably be sold in the course of the present 

T. The price is about $120.^ 
e inventor also constructs mowing machines, on the same 
dple as the reaper. 
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